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 2 Essential Thermochemical 
and Biological Powers 

5REHUW�&��.RRQV�

1. Introduction 

7KHUH�DUH�WKUHH�JUHDW�RSWLRQV�LQ�WKH�SKLORVRSK\�RI�QDWXUH��PDWHULDOLVP��
FRVPLF�PRQLVP��DQG�SOXUDO�KROLVP��7KHVH�FRUUHVSRQG�WR�WKH�PHWDSK\VL�
FDO�SULRULW\�RI��UHVSHFWLYHO\��WKH�YHU\�VPDOO��WKH�YHU\�ODUJH��DQG�WKH�LQWHU�
PHGLDWH��+XPDQ�EHLQJV�DQG�RWKHU�RUJDQLVPV�IDOO�LQWR�WKH�LQWHUPHGLDWH�
FDWHJRU\��,�ZLOO�DUJXH�LQ�6HFWLRQ���WKDW�D�SKLORVRSK\�RI�QDWXUH�WKDW�JLYHV�
SULGH�RI�SODFH�WR�WKRXJKW�DQG�UHVSRQVLEOH��LQWHQWLRQDO�DFWLRQ��ZKLOH�DYRLG�
LQJ�&DUWHVLDQ�GXDOLVP�DQG�LGHDOLVP��PXVW�HPEUDFH�WKH�$ULVWRWHOLDQ�RSWLRQ�
RI�SOXUDO�KROLVP��,QPDQ��������
%HIRUH�WXUQLQJ�WR�WKH�GHWDLOV�RI�FRQWHPSRUDU\�TXDQWXP�VFLHQFH��,�ZLOO�

VNHWFK�WKH�EDVLF�UHTXLUHPHQWV�RI�DQ�$ULVWRWHOLDQ�SOXUDOLVP�LQ�6HFWLRQ����
$ULVWRWHOLDQ�SKLORVRSK\�RI�QDWXUH�PDLQWDLQV�D�XQLTXH�EDODQFH�EHWZHHQ�
WRS�GRZQ��IRUPDO��DQG�ERWWRP�XS��PDWHULDO��PRGHV�RI�H[SODQDWLRQ��7KLV�
EDODQFH�UHTXLUHV�WKH�XVH�RI�D�UHSHUWRLUH�RI�EDVLF�$ULVWRWHOLDQ�FRQFHSWV��
LQFOXGLQJ�SUR[LPDWH�DQG�SULPH�PDWWHU�� VXEVWDQWLDO� IRUP��TXDQWLWDWLYH�
DFFLGHQWV��DQG�LQWHJUDO�DQG�YLUWXDO�SDUWV��
7KH�JUHDWHVW�FKDOOHQJH�WR�WKH�YLDELOLW\�RI�$ULVWRWHOLDQ�QDWXUDO�SKLORVRSK\�

FRPHV�IURP�WKH�DSSDUHQW�DWRPLVP�RI�PRGHUQ�VFLHQFH�VLQFH�WKH�Scientific 
5HYROXWLRQ��,�ZLOO�DUJXH�LQ�6HFWLRQ���WKDW�WKH�GLVFRYHU\�RI�WKH�TXDQWXP�
ZRUOG�LQ�WKH�HDUO\�WZHQWLHWK�FHQWXU\�e!ected D�NLQG�RI�$ULVWRWHOLDQ�FRXQ�
WHU�UHYROXWLRQ��GLVSODFLQJ�WKH�RVWHQVLEOH�DWRPLVP�RI�WKH�1HZWRQ�0D[ZHOO�
PRGHO�ZLWK�DQ�LUUHGXFLEOH�KROLVP��D�KROLVP�WKDW�LV�PRVW�DSSDUHQW�LQ�TXDQ�
WXP�FKHPLVWU\�DQG�WKHUPRG\QDPLFV��&RQVHTXHQWO\��,�ZLOO�DUJXH�LQ�6HFWLRQ�
��WKDW�WKH�ZRUOG�DFFRUGLQJ�WR�D�QHR�$ULVWRWHOLDQ�IUDPHZRUN�VKRXOG�FRQVLVW�
RI�OLYLQJ�RUJDQLVPV�DQG�ZKDW�,�VKDOO�FDOO�CWKHUPDO�VXEVWDQFHV
��DORQJ�ZLWK�
UHPQDQWV�RI�WKHVH���,Q�WKDW�VHFWLRQ�,�ZLOO�GHYHORS�WKH�WKHRU\�RI�WKHUPDO�
�LQRUJDQLF��VXEVWDQFHV�LQ�VRPH�GHWDLO��DGGUHVVLQJ�WKH�TXHVWLRQV�RI�WKHLU�
RULJLQ�DQG�LQGLYLGXDWLRQ��
:LWK�WKH�WKHRU\�RI�WKHUPDO�VXEVWDQFHV�LQ�SODFH��,�ZLOO�EH�DEOH�WR�WXUQ�

WR�DQ�DFFRXQW�RI�WKH�ZRUOG�RI�RUJDQLVPV�LQ�6HFWLRQ����:H�ZLOO�VHH�WKHUH�
WKDW�WKHUPDO�VXEVWDQFHV�VHUYH�DV�YLUWXDO�SDUWV�DQG�DV�SUR[LPDWH�PDWWHU�
IRU�OLYLQJ�RUJDQLVPV��7KLV�RSHQV�XS�WKH�SRVVLELOLW\�RI�D�IRUPDO�PRGH�RI�
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FDXVDWLRQ�E\�WKH�VRXOV�RU�VXEVWDQWLDO�IRUPV�RI�OLYLQJ�RUJDQLVPV��DYRLGLQJ�
VRPH�RI�WKH�di"culties RI�&DUWHVLDQ�LQWHUDFWLRQLVP��,Q�6HFWLRQ����,�GLVFXVV�
KRZ�DQ�$ULVWRWHOLDQ�SKLORVRSK\�RI�QDWXUH�ZLOO�HQDEOH�XV�WR�UHKDELOLWDWH�
ZKDW�:LOIUHG�6HOODUV�FDOOHG�WKH�PDQLIHVW�LPDJH�RI�WKH�ZRUOG��6HOODUV��������
XQGHUJLUGLQJ�WKH�YHULGLFDOLW\�DQG�UHOLDELOLW\�RI�KXPDQ�REVHUYDWLRQ�DQG�
H[SHULPHQWDWLRQ��

2. The Three Options in the Philosophy of Nature 

$ULVWRWOH
V�PHWDSK\VLFV�FOHDUO\�DVVLJQV�WKH�VWDWXV�RI�IXQGDPHQWDO�WR�OLYLQJ�
RUJDQLVPV��GHVSLWH�WKHLU�LQWHUPHGLDWH�VL]H��2UJDQLVPV�DUH�QHLWKHU�PHUH�
KHDSV�RI�DWRPV�QRU�PHUH�IUDJPHQWV�RI�WKH�ZKROH�FRVPRV��7KH\�DUH�LQVWHDG�
DPRQJ�WKH�SULPDU\�EHLQJV�RI�WKH�ZRUOG�q�WKH�WKLQJV�WKDW�KDYH�XQLW\�DQG�
H[LVW�LQ�WKH�VWULFWHVW��PRVW�FHQWUDO�VHQVH��
6LQFH�WKH�Scientific 5HYROXWLRQ�RI�WKH�VHYHQWHHQWK�FHQWXU\��D�NLQG�RI�

SKLORVRSKLFDO�DWRPLVP�KDV�WHQGHG�WR�GRPLQDWH�RXU�XQGHUVWDQGLQJ�RI�
QDWXUH��2Q�WKLV�YLHZ��WKH�SRZHU�DQG�QDWXUH�RI�DQ\�FRPSRVLWH�PDWHULDO�
HQWLW\�GHSHQGV�RQ�WKH�SRZHUV��QDWXUHV��DQG�PXWXDO�DUUDQJHPHQWV�DQG�
PRWLRQV�RI�WKH�VPDOOHVW�ELWV�RI�PDWWHU��7KLV�ZRXOG�VHHP�WR�OHDYH�QR�
URRP�IRU�JHQXLQH�KXPDQ�DJHQF\��DV�3ODWR�UHFRJQL]HG�LQ�WKH�3KDHGR�
���Fq��E���7KH�DJHQF\�RI�WKH�SDUWLFOHV�OHDYHV�QRWKLQJ�IRU�UHDVRQ�RU�
IUHH�ZLOO�WR�GR��H[FHSW�LQ�D�VXERUGLQDWH�DQG�GHULYHG�ZD\��7KH�DWRP�
LVWLF�PDWHULDOLVW�FDQQRW�find D�SODFH�LQ�WKH�ZRUOG�IRU�JHQXLQH�UDWLRQDO�
SRZHUV��D�NLQG�RI�IXQGDPHQWDO�UHVSRQVLYHQHVV�RI�WKH�KXPDQ�PLQG�WR�
UHDVRQV�DQG�HYLGHQFH���

,Q�UHVSRQVH��PDQ\�WKHLVWV�KDYH�HPEUDFHG�D�NLQG�LQWHUDFWLRQLVW�GXDOLVP�
RU�VRPH�IRUP�RI�LGHDOLVP�RU�FRVPLF�KROLVP��H�J���5RZDQ�:LOOLDPV�q�VHH�
3LFNVWRFN��������WU\LQJ�WR�FDUYH�RXW�UHDO�VSDFH�IRU�WKH�GRPDLQ�RI�UHDVRQ��
+RZHYHU��WKHUH�DUH�VHYHUH�WKHRORJLFDO�DQG�DSRORJHWLF�FRVWV�WR�WKHVH�GXDOLVW�
DQG�LGHDOLVW�VWUDWDJHPV��%RWK�GXDOLVWV�DQG�LGHDOLVWV�PXVW�SRVLW�D�SURE�
OHPDWLF�H[SODQDWRU\�JDS�EHWZHHQ�QDWXUDO�SKHQRPHQD�DQG�RXU�LQWHUQDO�
VHQVDWLRQV�RU�kSKHQRPHQDO�TXDOLDy��/HYLQH��������7KH�SURVSHFWV�IRU�DQ\�
VLPSOH��ODZ�OLNH�UHODWLRQVKLS�EHWZHHQ�PLFURSK\VLFDO�SURSHUWLHV�DQG�VHQ�
VRU\�TXDOLD�DUH�H[WUHPHO\�GLP��DV�QRWHG�E\�5REHUW�$GDPV���������,QVWHDG��
ZH�DUH�OHIW�ZLWK�PDVVLYHO\�JHUU\PDQGHUHG�DQG�DQRPDORXV�FRUUHODWLRQV�
EHWZHHQ�SK\VLFDO�FRQGLWLRQV�DQG�H[SHULHQWLDO�TXDOLWLHV��FRUUHODWLRQV�WKDW�
FDQ�QHYHU�EH�LOOXPLQDWHG�E\�FDXVDO�PHFKDQLVPV��'XDOLVWV�DQG�LGHDOLVWV�
DOVR�IDFH�di"cult TXHVWLRQV�DERXW�KRZ�VSLULWXDO�UHDOLWLHV�FDQ�LQWHUDFW�ZLWK�
SK\VLFDO�SURFHVVHV�ZLWKRXW�YLRODWLQJ�SK\VLFDO�V\PPHWULHV�DQG�FRQVHUYD�
WLRQ�ODZV��'XDOLVWV�DQG�LGHDOLVWV�VHHP�WR�EH�VWXFN�ZLWK�D�IUXLWOHVV�TXHVW�IRU�
VRPH�HOXVLYH�YLWDO�IRUFH��ÑODQ�YLWDO��E\�ZKLFK�WKH�PLQG�FDQ�PRYH�IXQGD�
PHQWDO�SDUWLFOHV��VHH�/RZH��������(WKLFDOO\��GXDOLVWV�DQG�LGHDOLVWV�UXQ�WKH�
ULVN�RI�GRZQSOD\LQJ�WKH�LPSRUWDQFH�RI�ERGLO\�LQWHJULW\��VLQFH�WKH\�PDNH�
WKH�KXPDQ�ERG\�ZKROO\�H[WULQVLF�WR�WKH�KXPDQ�SHUVRQ�DV�VXFK��VHH��IRU�
H[DPSOH��/HH�DQG�*HRUJH��������
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,I�ZH�VHW�DVLGH�GXDOLVP�DQG�LGHDOLVP�DV�SUREOHPDWLF�DQG�LPSODXVLEOH��
WKHQ�ZH�DUH�IRUFHG�WR�FKRRVH�EHWZHHQ�WKH�WKUHH�UHPDLQLQJ�RSWLRQV��DWRP�
LVP��PRQLVP��DQG�SOXUDOLVP��$WRPLVWV�KROG�WKDW�RQO\�H[WUHPHO\�VPDOO�
HQWLWLHV��OLNH�VXEDWRPLF�SDUWLFOHV�RU�SRLQW�LQWHQVLWLHV�RI�fields, FDQ�EH�PHWD�
SK\VLFDOO\�IXQGDPHQWDO��ZKLOH�PRQLVWV��OLNH�-RQDWKDQ�Scha!er) WDNH�WKDW�
WKHUH�LV�RQO\�RQH�IXQGDPHQWDO�HQWLW\��WKH�HQWLUH�FRVPRV�(Scha!er �������
3OXUDOLVWV�DVVXPH�WKDW�ZH�FDQ�find IXQGDPHQWDO�HQWLWLHV�DW�PDQ\�di!erent 
VFDOHV�RI�VL]H��LQFOXGLQJ�LQWHUPHGLDWH�VL]HG�HQWLWLHV�OLNH�OLYLQJ�RUJDQLVPV��
)URP�D�WUDGLWLRQDO�WKHLVWLF�SRLQW�RI�YLHZ��WKHUH�DUH�DW�OHDVW�WKUHH�UHDVRQV�
IRU�IDYRULQJ�SOXUDOLVP��SUHVHUYLQJ�KXPDQ�DJHQF\��VHFXULQJ�RXU�NQRZOHGJH�
RI�QHFHVVDU\�DQG�QRUPDWLYH�WUXWKV��DQG�EXWWUHVVLQJ�WKH�WHOHRORJLFDO�DUJX�
PHQW�IRU�*RG
V�H[LVWHQFH��
)LUVW��ERWK�SK\VLFDO�PRQLVP�DQG�DWRPLVP�WKUHDWHQ�KXPDQ�DJHQF\��,I�

UHDVRQ� LV� WR�KDYH�DQ\�SRZHU�� WKH�KXPDQ�EHLQJ�PXVW�EH�FDSDEOH� �VDQV�
UHDVRQ��WR�DUULYH�DW�PRUH�WKDQ�RQH�FRQFOXVLRQ��ZKHWKHU�WKHRUHWLFDO�RU�
SUDFWLFDO���$QG�ZKLFK�DOWHUQDWLYH�FRQFOXVLRQ�ZH�GR�UHDFK�PXVW�EH�H[SODLQ�
DEOH�LQ�WHUPV�RI�RXU�UHDVRQV�DQG�DFWV�RI�ZLOO�q�LW�FDQQRW�EH�H[KDXVWLYHO\�
H[SODLQHG�DW�HLWKHU�WKH�DWRPLF�RU�WKH�FRVPLF�OHYHO�ZLWKRXW�LQWURGXFLQJ�
DQ�LPSODXVLEOH�FRLQFLGHQFH�RI�RYHUGHWHUPLQDWLRQ��WKDW�LV��DQ�DG�KRF��SUH�
HVWDEOLVKHG�KDUPRQ\�EHWZHHQ�WKH�PDWHULDO�DQG�WKH�UDWLRQDO��RI�WKH�VRUW�
SURSRVHG�E\�*RWWIULHG�/HLEQL]���
6HFRQG��IRU�WKH�VDPH�UHDVRQ��PRQLVP�DQG�DWRPLVP�WKUHDWHQ�KXPDQ�

HSLVWHPRORJ\��2XU�QRQ�HPSLULFDO�NQRZOHGJH�RI�QHFHVVDU\�IDFWV�UHTXLUHV�
WKDW�WKRVH�IDFWV�KDYH�VRPH�GLUHFW�LPSDFW�RQ�RXU�IDFXOW\�RI�LQWXLWLRQ��7KH�
LQWXLWLRQV�ZH�IRUP�PXVW�QRW�EH�H[SODLQDEOH�LQ�WHUPV�RI�SURFHVVHV�DW�WKH�
DWRPLF�RU�FRVPLF�OHYHO��SURFHVVHV�ZLWK�QR�UHDO��FRQVWLWXWLYH�FRQQHFWLRQ�WR�
WKH�UHOHYDQW�QHFHVVDU\�IDFWV��7KLV�LV�HVSHFLDOO\�SUREOHPDWLF�IRU�RXU�NQRZO�
HGJH�RI�SXUHO\�QRUPDWLYH�IDFWV��VLQFH�QRUPDWLYH�IDFWV�VHHP�WR�SOD\�QR�UROH�
LQ�GHWHUPLQLQJ�WKH�QDWXUH�RU�PRYHPHQWV�RI�HLWKHU�PDWHULDO�DWRPV�RU�WKH�
SK\VLFDO�FRVPRV�DV�D�ZKROH��$Q\�PRUDOLW\�ZLWK�DQ�LQWHOOHFWXDO�FRPSR�
QHQW��DQ\WKLQJ��WKDW�LV��EH\RQG�WKH�PRVW�YROXQWDULVW�RI�GLYLQH�FRPPDQG�
RU�VRFLDO�FRQYHQWLRQ�WKHRULHV��UHTXLUHV�ERWK�UHDO�KXPDQ�DJHQF\�DQG�UHDO�
NQRZOHGJH�RI�QRUPDWLYH�UHDVRQV��VHH�.RRQV�����������E���
7KLUG��$ULVWRWHOLDQ�SOXUDOLVP�SURYLGHV�VWURQJ�JURXQGV�IRU�LQIHUULQJ�WKH�

H[LVWHQFH�RI�D�WUDQVFHQGHQW�&UHDWRU��DV�exemplified E\�7KRPDV�$TXLQDV
V�
)LIWK�:D\��VHH�)HVHU����������q������7R�EH�YLDEOH��SOXUDOLVP�PXVW�UHMHFW�
+XPHDQ�GRXEWV�DERXW�FDXVDWLRQ��HPEUDFLQJ�D�UREXVW�UHDOLVP�DERXW�FDXVDO�
SRZHUV��$V�SOXUDOLVWV��$ULVWRWHOLDQV�DWWULEXWH�VXFK�UREXVW�FDXVDO�SRZHUV�WR�
FRPSRVLWH�PDWHULDO�VXEVWDQFHV��LQFOXGLQJ�OLYLQJ�RUJDQLVPV��&DXVDO�SRZHUV�
FRUUHVSRQG�WR�WHOHRORJLFDO�VWUXFWXUHV��VLQFH�HDFK�FDXVDO�SRZHU�LV�LQWULQVL�
FDOO\�RUGHUHG�WR�D�SDUWLFXODU�UHVXOW��,I�WKHUH�DUH�IXQGDPHQWDO�FDXVDO�SRZHUV�
SRVVHVVHG�E\�OLYLQJ�RUJDQLVPV��WKHQ�WKRVH�SRZHUV�define D�GLVWLQFWLYHO\�
ELRORJLFDO�WHOHRORJ\��
7KHVH� FDXVDO�SRZHUV�PXVW� WKHPVHOYHV�EH� H[SODLQHG� LQ� WHUPV�RI� WKH�

QDWXUHV�RU�HVVHQFHV�RI�WKHVH�FRPSRVLWH�VXEVWDQFHV��7KHVH�QDWXUHV�PXVW�
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VRPHKRZ�EH�LPSRVHG�XSRQ�DSSURSULDWH�PDWHULDO�SDUWV�RU�FRPSRQHQWV��
+HQFH��WKHUH�PXVW�EH�FRPSDWLELOLW\�EHWZHHQ�WKH�PDWHULDO�UHTXLUHPHQWV�
RI�WKH�ELRORJLFDO�HVVHQFHV�DQG�WKH�DWWULEXWHV�RI�LQRUJDQLF�PDWHULDO�WKLQJV��
2WKHUZLVH�� LW�ZRXOG�EH� LPSRVVLEOH� IRU� OLYLQJ�WKLQJV� WR�JURZ��GHYHORS��
RU�UHSURGXFH��)RU�H[DPSOH��WKHUH�PXVW�EH�D�FRPSDWLELOLW\�EHWZHHQ�LQRU�
JDQLF�VXEVWDQFHV��OLNH�ZDWHU��2���&2���RU�YDULRXV�PLQHUDO�VDOWV��DQG�WKH�
VXEVWDQFH�RI�OLYLQJ�RUJDQLVPV�OLNH�SODQWV��D�FRPSDWLELOLW\�WKDW�HQDEOHV�
WKH�ODWWHU�WR�DEVRUE�DQG�LQWHJUDWH�WKH�IRUPHU��0RUHRYHU��WKHUH�PXVW�EH�DQ�
DGHTXDWH�FDXVDO�H[SODQDWLRQ�RI�ZK\�WKHVH�SDUWLFXODU�ELRORJLFDO�HVVHQFHV�
DUH�DFWXDOO\�LPSRVHG�XSRQ�SDUWV�RI�WKH�QDWXUDO�ZRUOG��(YHQ�LI��DV�$ULVWR�
WOH�VXSSRVHG��DOO�RI�WKH�VSHFLHV�RI�RUJDQLVPV�KDG�EHHQ�exemplified IURP�
HWHUQLW\�SDVW��ZH�ZRXOG�VWLOO�QHHG�DQ�H[SODQDWLRQ�IRU�WKH�LPSRVLWLRQ�RI�
WKHVH�specific HVVHQFHV�RQ�WKRVH�SDUWLFXODU�VWUHDPV�RI�PDWHULDO�VXEVWUDWH��
:H�ZRXOG�VWLOO�QHHG�WR�NQRZ�WKH�JURXQG�IRU�WKH�H[LVWHQFH�RI�DQ\�OLYLQJ�
WKLQJV�DW�DOO��*LYHQ��DV�ZH�QRZ�NQRZ��WKDW�OLIH�LV�D�UHODWLYHO\�ODWH�DUULYDO��
WKH�QHHG�IRU�DQ�DGHTXDWH�FDXVH�RI�LWV�HPHUJHQFH�EHFRPHV�HVSHFLDOO\�DFXWH��
'DUZLQLDQ�QDWXUDO�VHOHFWLRQ��HYHQ�LI�FRUUHFW�DV�DQ�H[SODQDWLRQ�RI�WKH�

JHQHUDWLRQ� RI� QHZ� VSHFLHV�� IDOOV� VKRUW� RI� SURYLGLQJ� D�PHWDSK\VLFDOO\�
su"cient H[SODQDWLRQ�RI�WKLV�IDFW��VHH�6WHSKHQ�%RXOWHU
V�FKDSWHU�LQ�WKLV�
YROXPH���(YROXWLRQ�FDQ�GHVFULEH�KRZ�WKH�OLIH�HQJHQGHULQJ�SRZHUV�RI�WKH�
QDWXUDO�ZRUOG�FDPH�WR�EH�H[HUFLVHG�DQG�LQ�ZKDW�RUGHU�WKH\�ZHUH�H[HUFLVHG��
EXW�LW�FDQQRW�H[SODLQ�ZK\�WKRVH�SRZHUV�DUH�WKHUH�LQ�WKH�first SODFH��*LYHQ�
WKH�PHWDSK\VLFDO�IXQGDPHQWDOLW\�RI�RUJDQLVPV��ZH�FDQQRW�KRSH�WR�H[SODLQ�
WKH�RULJLQ�RU�GHYHORSPHQW�RI�OLIH�VLPSO\�E\�GHVFULELQJ�SRVVLEOH�WUDMHFWRULHV�
RI�WKH�FRQVWLWXHQW�SDUWLFOHV��(YHQ�LI�PDWWHU�IHOO�E\�FKDQFH�LQWR�RSWLPDO�
VSDWLDO�DUUDQJHPHQWV�DQG�PXWXDO�PRWLRQV��LW�ZRXOGQ
W�WKHUHE\�FRQVWLWXWH�
DQ�$ULVWRWHOLDQ�VXEVWDQFH��$QG�JLYHQ�WKH�QRQ�HWHUQLW\�RI�VSHFLHV��SRVVLEOH�
IXWXUH�VSHFLHV�PXVW�H[LVW�LQ�WKH�PLQG�RI�VRPHWKLQJ�OLNH�D�&UDIWVPDQ��LQ�
WKH�ZD\�WKDW�WKH�IRUP�RI�D�KRXVH�LV�SUHVHQW�LQ�WKH�PLQG�RI�DQ�DUFKLWHFW��

3. Building a Pluralist Philosophy of Nature 

%XLOGLQJ�D�SOXUDOLVW�SKLORVRSK\�RI�QDWXUH�LV�QRW�D�WULYLDO�WDVN��3OXUDOLVWV�
PXVW�PDNH�URRP�LQ�WKH�ZRUOG�IRU�ERWK�WRS�GRZQ�H[SODQDWLRQ��H[SODLQLQJ�
SDUWV�LQ�WHUPV�RI�ZKROHV��DQG�ERWWRP�XS�H[SODQDWLRQ��H[SODLQLQJ�ZKROHV�
LQ�WHUPV�RI�SDUWV���ZKLOH�DWRPLVWV�DQG�PRQLVWV�QHHG�RQO\�RQH�RU�WKH�RWKHU�
PRGH��)RU�SOXUDOLVWV��WKH�ZRUOG�FRQVLVWV�RI�VXEVWDQFHV��IUDJPHQWV�RI�VXE�
VWDQFHV��DQG�KHDSV�RI�VXEVWDQFHV��)RU�DWRPLVWV��WKH�ZRUOG�FRQVLVWV�RQO\�
RI�VXEVWDQFHV�DQG�KHDSV��ZKLOH�IRU�WKH�PRQLVW�LW�FRQVLVWV�RQO\�RI�D�VLQJOH�
VXEVWDQFH�DQG�LWV�IUDJPHQWV��
0RUHRYHU�� LW� LV�FOHDU�WKDW�PDQ\�VXEVWDQFHV��OLNH�RUJDQLVPV�� LQWHUDFW�

ZLWK�WKHLU�HQYLURQPHQW�WKURXJK�WKHLU�SDUWV��+HQFH��WKH�SRZHUV�RI�WKH�
ZKROH�VXEVWDQFH�PXVW�LQ�VRPH�ZD\�EH�GHSHQGHQW�RQ�WKH�GLVSRVLWLRQ�RI�
WKRVH�SDUWV��,Q�DGGLWLRQ��WKH�YHU\�VXUYLYDO�RI�D�VXEVWDQFH�GHSHQGV�RQ�WKH�
DSSURSULDWH�FRRSHUDWLRQ�RI� LWV�SDUWV��$W�WKH�VDPH�WLPH��WKHUH�PXVW�EH�
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VRPHWKLQJ�WKDW�unifies�WKRVH�SDUWV��DQG�MXVW�WKRVH�SDUWV��LQWR�D�VLQJOH�VXE�
VWDQFH��)RU�$ULVWRWHOLDQV��WKLV�VRPHWKLQJ�LV�NQRZQ�DV�D�VXEVWDQWLDO�IRUP��
(DFK�VXEVWDQFH�KDV�D�VLQJOH�VXEVWDQWLDO�IRUP�WKDW�PDNHV�LW�ZKDW�LW�LV�DQG�
WKDW�unifies LWV�SDUWV��ERWK�DW�D�WLPH�DQG�WKURXJK�WLPH���7KH�VXEVWDQWLDO�
IRUP�RI�D�VXEVWDQFH�GRHV�QRW�VLPSO\�FRQVLVW�LQ�WKH�QDWXUH�RI�LWV�SDUWV�DQG�
WKHLU�PXWXDO�DUUDQJHPHQW�LQ�VSDFH�q�LW�LV�WKDW�ZKLFK�XOWLPDWHO\�JURXQGV�
DQG�H[SODLQV�WKRVH�QDWXUHV�DQG�WKDW�DUUDQJHPHQW��
)RU�FRPSRVLWH��PDWHULDO�VXEVWDQFHV��VXEVWDQWLDO�IRUP�FDQQRW�EH�WKH�

ZKROH�VWRU\��7KHUH�PXVW�DOVR�EH� WKDW�RQ�ZKLFK�WKH�VXEVWDQWLDO� IRUP�
RSHUDWHV��7KLV�LV�WKH�VXEVWDQFH
V�PDWWHU��7KH�SULPDU\�PHWDSK\VLFDO�UROH�
RI�PDWWHU�LV�WKDW�RI�LQGLYLGXDWLRQ��&KXQNV�RI�PDWWHU�LQGLYLGXDWH�D�VXE�
VWDQFH�DQG�LWV�SDUWV�IURP�VXEVWDQFHV�DQG�SDUWV�RI�WKH�VDPH�QDWXUDO�NLQG��
7KH\�JURXQG�WKH�PXWXDO�GLVWLQFWQHVV�RI�WKLQJV�WKDW�DUH�specifically WKH�
VDPH��WKH�VDPH�LQ�NLQG���7KLV�LQGLYLGXDWLQJ�UROH�LV�ZKDW�JLYHV�WKH�$ULV�
WRWHOLDQ�D�XQLTXH�DQG�DWWUDFWLYH�DFFRXQW�RI�QDWXUDO�VDPHQHVV��VHH�%URZHU�
������.RRQV�����E���,I�ZH�FRQVLGHU�PDWWHU� LQ�LWV�SXUH�IXQFWLRQ�DV�D�
EDUH�LQGLYLGXDWRU��ZH�DUULYH�DW�WKH�FRQFHSW�RI�SULPH�PDWWHU��$�FKXQN�RI�
SULPH�PDWWHU�KDV�QR�SRVLWLYH�QDWXUH��TXDOLW\��RU�TXDQWLW\�RI�LWV�RZQ��,W�
VLPSO\�LQGLYLGXDWHV�LWV�VXEVWDQFH�RU�SDUW�RI�D�VXEVWDQFH�IURP�RWKHUV�RI�
WKH�VDPH�NLQG���

+RZHYHU��SULPH�PDWWHU�LV�QHYHU�ZKROO\�RQ�LWV�RZQ�DQG�VR�QHYHU�DFWXDOO\�
EDUH��,W�LV�DOZD\V�RI�QHFHVVLW\�LQIRUPHG�E\�D�VXEVWDQWLDO�IRUP��DQG�WKLV�
LQIRUPLQJ�UHVXOWV�LQ�YDULRXV�OD\HUV�RI�ZKDW�LV�FDOOHG�SUR[LPDWH�PDWWHU��
7KH�KXPDQ�EHLQJ��IRU�H[DPSOH��LV�REYLRXVO\�FRPSRVHG�RI�YDULRXV�NLQGV�
RI�WLVVXH��VXFK�DV�ERQH��PXVFOH��VNLQ��DQG�EORRG��(DFK�FKXQN�RI�WLVVXH�FRU�
UHVSRQGV�WR�D�FKXQN�RI�SULPH�PDWWHU��EXW�D�FKXQN�WKDW�KDV�EHHQ�QDWXUHG�
DQG�TXDOLfiHG�E\�WKH�KXPDQ�EHLQJ
V�RQH�VXEVWDQWLDO�IRUP��(DFK�SLHFH�RI�
SUR[LPDWH�PDWWHU�LV�FRPSRVHG�RI�SDUWV�RI�PRUH�HOHPHQWDU\��OHVV�SUR[LPDWH�
NLQGV�RI�PDWWHU��6XFK�LQWHUPHGLDWH�IRUPV�RI�PDWWHU�LQ�D�OLYLQJ�RUJDQLVP�
LQFOXGH�SURWHLQV��OLSLGV��DQG�FDUERK\GUDWHV��ZKLFK�LQ�WXUQ�DUH�FRPSRVHG�
RI�VWLOO�OHVV�SUR[LPDWH�PDWWHU��OLNH�FDUERQ��K\GURJHQ��DQG�R[\JHQ��ZLWK�WKH�
PRVW�HOHPHQWDO�IRUPV�RI�PDWWHU��SURWRQV��QHXWURQV��HOHFWURQV��FRQVWLWXWLQJ�
D�OD\HU�MXVW�kDERYHy�WKDW�RI�SULPH�PDWWHU��,W�LV�WKH�RQH�VXEVWDQWLDO�IRUP�
RI�WKH�KXPDQ�EHLQJ��WKH�KXPDQ�VRXO��WKDW�LV�UHVSRQVLEOH�IRU�WKH�FKDUDFWHU�
RI�HDFK�RI�WKHVH� OD\HUV�RI�PDWWHU�DERYH�WKH� OHYHO�RI�SULPH�PDWWHU��EXW�
HDFK�OHYHO�KDV�DQ�LPSRUWDQW�UROH�WR�SOD\�LQ�H[SODLQLQJ�WKH�SHUVLVWHQFH�DQG�
YDU\LQJ�SRZHUV�RI�WKH�ZKROH�VXEVWDQFH��7KH�H[SODQDWRU\�UROH�WKDW�WKHVH�
OD\HUV�SOD\�LV�FDOOHG�PDWHULDO�FDXVDWLRQ��7KH�VXEVWDQWLDO�IRUP�SOD\V�WKH�
FRPSOHPHQWDU\�UROH�RI�IRUPDO�FDXVDWLRQ��
*LYHQ�WKH�FULWLFDO�UROH�WKDW�VXEVWDQWLDO�IRUP�PXVW�SOD\�LQ�WKH�$ULVWRWH�

OLDQ�IUDPHZRUN��LW�LV�LPSRVVLEOH�IRU�RQH�VXEVWDQFH�WR�FRQWDLQ�DQRWKHU�RU�
HYHQ�WR�RYHUODS�DQRWKHU�VXEVWDQFH��6XEVWDQFHV�LQ�WKH�$ULVWRWHOLDQ�VFKHPH�
VDWLVI\�ZKDW�-RQDWKDQ�Scha!er FDOOV�WKH�WLOLQJ�FRQVWUDLQW�(Scha!er �������
7KH�PDWHULDO�XQLYHUVH�FRQVLVWV�HQWLUHO\�RI�QRQ�RYHUODSSLQJ�VXEVWDQFHV�
�DQG�UHPQDQWV�RI�WKHVH���3DUWV�RI�VXEVWDQFHV��WKHUHIRUH��FDQQRW�EH�DFWXDO�
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VXEVWDQFHV�WKHPVHOYHV��7KHLU�QDWXUHV�RU�LGHQWLWLHV��RU�ERWK��DUH�LQH[WULFD�
EO\�WLHG�WR�WKH�ZKROH�VXEVWDQFH�RI�ZKLFK�WKH\�DUH�D�SDUW��
*LYHQ�WKH�WLOLQJ�FRQVWUDLQW��DOO�SDUWV�RI�VXEVWDQFHV�PXVW�EH�HLWKHU�LQWH�

JUDO�SDUWV�RU�YLUWXDO�SDUWV��$Q�LQWHJUDO�SDUW�RI�D�VXEVWDQFH�LV�D�SDUW�ZKRVH�
ZKROH�QDWXUH�DQG�LQGLYLGXDO�LGHQWLW\�LV�WLHG�WR�WKDW�VXEVWDQFH��0\�KDQG��
IRU�H[DPSOH��LV�HVVHQWLDOO\�D�KDQG��VR�HVVHQWLDOO\�D�SDUW�RI�D�KXPDQ�EHLQJ��
,QWHJUDO�VXEVWDQFHV�FDQ�VRPHWLPHV�H[LVW�LQGHSHQGHQWO\�RI�WKHLU�kKRVWy�
VXEVWDQFH��EXW�WKH\�SHUVLVW�RQO\�DV�UHPQDQWV�RI�WKDW�VXEVWDQFH�DQG�QHYHU�DV�
VXEVWDQFHV�LQ�WKHLU�RZQ�ULJKW��7KHLU�QDWXUHV�DUH�VXFK�WKDW�LW�LV�PHWDSK\VL�
FDOO\�LPSRVVLEOH�IRU�DQ�LQWHJUDO�SDUW�WR�H[LVW�H[FHSW�DV�D�SDUW�RU�D�UHPQDQW�
RI�D�SDUWLFXODU�VXEVWDQFH��7KHLU�LQGLYLGXDO�LGHQWLWLHV�DUH�LUUHYRFDEO\�WLHG�
WR�WKH�RUJDQLVP�IURP�ZKLFK�WKH\�RULJLQDWHG��
,Q�FRQWUDVW��YLUWXDO�SDUWV�RI�D�VXEVWDQFH�KDYH�LQWULQVLF�QDWXUHV�WKDW�DUH�

LQGHSHQGHQW�RI�WKH�ZKROH��7KLV�GRHV�QRW�YLRODWH�WKH�XQLFLW\�RI�VXEVWDQ�
WLDO�IRUP��VLQFH�WKH�YLUWXDO�SDUWV�KDYH�RQO\�SRWHQWLDO�H[LVWHQFH�ZLWKLQ�WKH�
ZKROH�VXEVWDQFH��0RUHRYHU��WKH�IDFW�WKDW�WKLV�LQRUJDQLF�VXEVWDQFH�FDQ�
H[LVW�DV�D�YLUWXDO�SDUW�RI�WKH�RUJDQLVP�LV�JURXQGHG�LQ�WKH�RUJDQLVP
V�RZQ�
VXEVWDQWLDO�IRUP��
)RU�DQ\�YLUWXDO�SDUW�RI�D�VXEVWDQFH��WKHUH�DUH�PDQ\�HPSLULFDOO\�LQGLV�

WLQJXLVKDEOH�FRXQWHUSDUWV�H[LVWLQJ�DV�DFWXDO�VXEVWDQFHV�LQ�WKHLU�RZQ�ULJKW�
DQG�QRW�DV�PHUH�YLUWXDO�SDUWV��7KH�ZDWHU�LQ�P\�YHLQV��IRU�H[DPSOH��FRU�
UHVSRQGV�FKHPLFDOO\�DQG�WKHUPRG\QDPLFDOO\�WR�EDWFKHV�RI�ZDWHU�H[LVWLQJ�
LQ�WKH�LQRUJDQLF�ZRUOG�DV�DFWXDO��LQGHSHQGHQW�VXEVWDQFHV��,Q�WKLV�FDVH�WKH�
WLOLQJ�FRQVWUDLQW�LV�satisfied E\�VWLSXODWLQJ�WKDW�WKH�YLUWXDO�SDUW�QR�ORQJHU�
KDV�DFWXDO�H[LVWHQFH�ZKLOH�SDUW�RI�P\�ERG\��,W�H[LVWV�RQO\�SRWHQWLDOO\��FRQ�
WULEXWLQJ�WR�WKH�SHUVLVWHQFH�DQG�SRZHUV�RI�P\�ERG\�EXW�QRW�FRQVWLWXWLQJ�
DW�WKH�VDPH�WLPH�D�GLVWLQFW�VXEVWDQFH��)RU�WKLV�UHDVRQ��QRQH�RI�WKH�ZDWHU�
LQ�P\�YHLQV�FDQ�EH�QXPHULFDOO\�LGHQWLFDO�WR�DQ\�LQRUJDQLF�VDPSOH�RI�ZDWHU�
WKDW�,�LQJHVWHG��VLQFH�WKH�LQRUJDQLF�ZDWHU�ZDV�D�VXEVWDQFH�LQ�LWV�RZQ�ULJKW�
DQG�QRW�PHUHO\�D�YLUWXDO�SDUW�RI�DQRWKHU�VXEVWDQFH��7KLV�WUDQVPXWDWLRQ�RI�
LQRUJDQLF�VXEVWDQFHV�LQWR�YLUWXDO�SDUWV�DQG�YLFH�YHUVD�LV�DQ�XQDYRLGDEOH�
WKHRUHWLFDO�FRVW�RI�WKH�K\ORPRUSKLF�SLFWXUH��EXW�LW�LV�D�FRVW�ZHOO�ZRUWK�
SD\LQJ��
7KH�VWUXFWXUHG�SDUWV�RI�D�VXEVWDQFH� �H�J���RUJDQV�DQG�WLVVXHV�RI� WKH�

OLYLQJ�ERG\��DUH�LWV�LQWHJUDO�SDUWV��ZKLOH�WKH�NLQGV�RI�stu!s FRQWDLQHG�E\�
WKH�VXEVWDQFH��ZDWHU��OLSLGV��SURWHLQV��QXFOHLF�DFLGV��DUH�RU�FRUUHVSRQG�WR�
YLUWXDO�SDUWV��
$ULVWRWHOLDQ�QDWXUDO�SKLORVRSK\�LQFOXGHV�WKH�reification RI�FHUWDLQ�IHD�

WXUHV�RI�VXEVWDQFHV�q�WKH�DFFLGHQWV��7KHVH�DFFLGHQWV�DUH�DEVWUDFW�SDUWLFX�
ODUV��FRUUHVSRQGLQJ�WR�WKH�PRGHV�RU�WURSHV�RI�PRGHUQ�PHWDSK\VLFV��(DFK�
SDUWLFXODU�DFFLGHQW�LV�VLPXOWDQHRXVO\�ERWK�D�UHDO�HQWLW\��WLHG�HVVHQWLDOO\�WR�
D�VLQJOH�VXEMHFW��DQG�D�IHDWXUH�RI�WKDW�VXEMHFW��6R��6RFUDWHV
V�PXVLFDOLW\�LV�
D�FODVVLF�H[DPSOH�RI�VXFK�DQ�DFFLGHQW��,W�LV�WKDW�E\�ZKLFK�6RFUDWHV�LV�PXVL�
FDO��7KH�DFFLGHQW�LV�RQWRORJLFDOO\�GHSHQGHQW�RQ�6RFUDWHV��DQG�LW�H[DFWO\�
UHVHPEOHV�RWKHU�LQVWDQFHV�RI�WKH�VDPH�NLQG��VXFK�DV�3ODWR
V�PXVLFDOLW\��
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7KHVH�LQGLYLGXDO�DFFLGHQWV�FDQ�WKHPVHOYHV�EH�JHQHUDWHG�DQG�FRUUXSWHG��
DQG�WKH\�HQWHU�LQWR�RWKHU�FDXVDO�DQG�H[SODQDWRU\�UHODWLRQV��
7KH�YHU\�IDFW�WKDW�VXEVWDQFHV�KDYH�SDUWV�RI�DQ\�NLQG�LV�WKH�UHVSRQVLELOLW\�

RI�WKH�VXEVWDQWLDO�IRUP��7KH�VXEVWDQWLDO�IRUP�LV�UHVSRQVLEOH�ERWK�IRU�SUR�
YLGLQJ�LWV�LQWHJUDO�SDUWV�ZLWK�WKHLU�QDWXUHV�DQG�ZLWK�WUDQVPXWLQJ�H[WHUQDO�
LQRUJDQLF�VXEVWDQFHV�LQWR�LWV�YLUWXDO�SDUWV��6XEVWDQWLDO�IRUP�DOVR�LPSRVHV�
IRUPV�RI�TXDQWLW\�RQ�EDWFKHV�RI�SULPH�PDWWHU�q�VR�FDOOHG�TXDQWLWDWLYH�DFFL�
GHQWV�RI�YROXPH��PDVV��DQG�UHODWLYH�SRVLWLRQ��7KHVH�TXDQWLWDWLYH�DFFLGHQWV�
VWDQG�LQ�SDUW�ZKROH�UHODWLRQV�WR�RQH�DQRWKHU��)RU�H[DPSOH��WKH�ORFDWLRQ�
RI�P\�OHIW�HOERZ�LV�FRQWDLQHG�ZLWKLQ�WKH�ORFDWLRQ�RI�P\�OHIW�DUP��7KHVH�
TXDQWLWDWLYH�DFFLGHQWV�DUH�UHVSRQVLEOH�IRU�WKH�SRVVLELOLW\�RI�P\�ERG\
V�KDY�
LQJ�TXDQWLWDWLYH�RU�PDWHULDO�SDUWV��ERWK�LQWHJUDO�DQG�YLUWXDO��7KH�LGHQWLWLHV�
RI�WKHVH�TXDQWLWDWLYH�DFFLGHQWV�KDYH�D�GXDO�DQFKRU��LQ�WKH�first SODFH��WR�
WKH�SDUWLFXODU�VXEVWDQFHV�WR�ZKLFK�WKH\�EHORQJ��LQ�WKH�VHFRQG�SODFH��WR�
WKH�SDUWLFXODU�SDFNHW�RI�SULPH�PDWWHU�WKDW�WKH\�LQIRUP��,W�LV�EHFDXVH�WKH�
TXDQWLWDWLYH�DFFLGHQWV�DUH�WLHG�LQH[WULFDEO\�WR�WKH�LQGLYLGXDO�LGHQWLW\�RI�
WKH�VXEVWDQFH�WR�ZKLFK�WKH\�EHORQJ�WKDW�DOO�LQWHJUDO�SDUWV�RI�WKH�VXEVWDQFH�
DUH�VLPLODUO\�VR�WLHG��

4. The Case for Thermal Substances 

,QWHJUDWLQJ�WKLV�$ULVWRWHOLDQ�QDWXUDO�SKLORVRSK\�ZLWK�PRGHUQ�VFLHQFH�IDFHV�
WKH�SUREOHP�RI�WKH�LQRUJDQLF�ZRUOG��$ULVWRWHOLDQV�ZLOO�DOZD\V�FRXQW�OLYLQJ�
RUJDQLVPV�DPRQJ�WKH�ZRUOG
V�VXEVWDQFHV��*LYHQ�WKH�WLOLQJ�FRQVWUDLQW��WKH�
VXP�WRWDO�RI�VXEVWDQFHV�DQG�WKHLU�UHPQDQWV�PXVW�WRJHWKHU�FRQVWLWXWH�WKH�
ZKROH�RI�WKH�PDWHULDO�ZRUOG��,W�LV�FOHDU�WKDW�RUJDQLVPV�DORQH�FDQQRW�fit 
WKLV�ELOO��0XFK�RI�WKH�ZRUOG�LV�QRW�DQG�QHYHU�KDV�EHHQ�SDUW�RI�DQ\�OLYLQJ�
RUJDQLVP��:KHUH�FDQ�ZH�find WKH�IXQGDPHQWDO�$ULVWRWHOLDQ�VXEVWDQFHV�LQ�
WKDW�LQRUJDQLF�ZRUOG��QHHGHG�WR�FRPSOHWH�WKH�SOXUDO�KROLVW�SLFWXUH"�,�ZLOO�
DUJXH�WKDW�ZH�FDQ�WDNH�RXU�FXHV�IURP�WKH�KROLVWLF�FKDUDFWHU�RI�TXDQWXP�
FKHPLVWU\�DQG�WKHUPRG\QDPLFV��,�KDYH�GHYHORSHG�DQG�GHIHQGHG�D�WKHRU\�
RI�WKHUPDO�VXEVWDQFHV�LQ�VRPH�UHFHQW�ZRUN��.RRQV�����D������D���������
EXLOGLQJ�RQ�WKH�SLRQHHULQJ�ZRUN�RQ�TXDQWXP�FKHPLVWU\�E\�WKH�WKHRUHWL�
FDO�FKHPLVW�+DQV�3ULPDV���������������DQG�:LOOLDP�0��5��6LPSVRQ�YHU\�
DEO\�OD\V�RXW�WKH�FDVH�IRU�WKH�H[LVWHQFH�RI�VXFK�VXEVWDQFHV�LQ�WKH�SUHFHGLQJ�
FKDSWHU�DQG�LQ�KLV�GRFWRUDO�WKHVLV��6LPSVRQ��������EXLOGLQJ�RQ�WKH�UHFHQW�
SURSRVDO�RI�FRQWH[WXDO�ZDYH�IXQFWLRQ�FROODSVH�E\�WKH�FRVPRORJLVW�*HRUJH�
(OOLV�DQG�WKH�SK\VLFLVW�%DUEDUD�'URVVHO��'URVVHO�������(OOLV�DQG�'URVVHO�
�������
2Q�WKLV�SLFWXUH��QRQH�RI�WKH�HQWLWLHV�GHVFULEHG�LQ�VR�FDOOHG�IXQGDPHQWDO�

SK\VLFV�DUH�LQ�IDFW�IXQGDPHQWDO��WKDW�LV��QRQH�RI�WKHP�DUH�$ULVWRWHOLDQ�
VXEVWDQFHV��,QVWHDG��TXDUNV��HOHFWURQV��SKRWRQV��DQG�WKH�UHVW�KDYH�PHUHO\�
YLUWXDO�SUHVHQFH�LQ�WUXH�PDWHULDO�VXEVWDQFHV��
4XDQWXP�WKHRU\�SURYLGHV�D�IHUWLOH�field IRU�WKH�WKHRU\�RI�$ULVWRWHOLDQ�

DFFLGHQWV��+RZHYHU��ZH� FDQQRW� LGHQWLI\� SDUWLFOHV�ZLWK� DFFLGHQWV� LQ� D�
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RQH�WR�RQH�IDVKLRQ��5DWKHU��LW�LV�SOXUDOLWLHV�RI�LQGLVWLQJXLVKDEOH�SDUWLFOHV�
�ZKLFK�,�ZLOO�FDOO�FRQJHULHV��WKDW�DUH�WR�EH� identified ZLWK�$ULVWRWHOLDQ�
DFFLGHQWV��,Q�VWDQGDUG�LQWHUSUHWDWLRQV�RI�TXDQWXP�WKHRU\��LQ�IDFW��DOO�WKH�
LQWHUSUHWDWLRQV�H[FHSW�WKH�%RKPLDQ�RQH����SDUWLFOHV�ODFN�GHWHUPLQDWH�DQG�
HQGXULQJ�LGHQWLWLHV��%RWK�'LUDF�)HUPL�DQG�(LQVWHLQ�%RVH�VWDWLVWLFV�WUHDW�
HOHPHQWDU\�SDUWLFOHV�DV�PHUH�figures LQ�DQ�DFFRXQWLQJ�ERRN��OLNH�GROODUV�
LQ�WKH�EDQN��UDWKHU�WKDQ�DV�HQGXULQJ�QRGHV�RI�SRVVLELOLW\��reidentifiable DV�
SDUWLFXODU�LQGLYLGXDOV�DW�di!erent WLPHV�DQG�LQ�YDU\LQJ�SRVVLEOH�VFHQDULRV�
�VHH�WKH�FKDSWHUV�LQ�3DUW�,�LQ�&DVWHOODQL�������DQG�5HGKHDG�DQG�7HOOHU�
�������,Q�QHDUO\�DOO�VLWXDWLRQV��SDUWLFOHV�ODFN�ORFDWLRQ�DQG�PDQ\�LQWULQVLF�
SURSHUWLHV��OLNH�PRPHQWXP�RU�VSLQ���,Q�IDFW��WKH�ORFDWLRQ�RI�D�SDUWLFOH�
�ZKHQ�QRW�DFWXDOO\�PHDVXUHG��FDQQRW�EH�FRQVLGHUHG�WR�EH�GHWHUPLQDWHO\�
UHVWULFWHG�WR�DQ\�finite UHJLRQ�RI�VSDFH��&OLIWRQ�DQG�+DOYRUVRQ��������
$QG�WKH�DFWXDO�QXPEHU�RI�SDUWLFOHV�LQ�D�V\VWHP�LV�QRW�DQ�DEVROXWH�IDFW�EXW�
GHSHQGV�RQ�RQH
V�IUDPH�RI�UHIHUHQFH��)UDVHU��������
(DFK� FRQJHULHV� RI� LQGLVWLQJXLVKDEOH�SDUWLFOHV� LV�� QRQHWKHOHVV�� D� UHDO�

HQWLW\��EXW�DQ�HQWLW\�WKDW�LV�RQWRORJLFDOO\�GHSHQGHQW�RQ�WKH�WKHUPDO�VXE�
VWDQFH�WKDW�FRQWDLQV�LW��6XFK�FRQJHULHV�RI�SDUWLFOHV�FRUUHVSRQG�ZLWK�WKH�
WKHUPDO�VXEVWDQFH
V�SRZHU�RI�a!ecting DQG�EHLQJ�a!ected E\�RWKHU�WKHUPDO�
VXEVWDQFHV�DW�WKH�TXDQWXP�OHYHO��$Q�LQGLYLGXDO�SDUWLFOH�LV�IXOO\�DFWXDOL]HG�
ZKHQ�VXFK�DQ�LQWHUDFWLRQ�RFFXUV��$W�WKDW�PRPHQW��WKH�LQGLYLGXDO�SDUWLFOH�
H[LVWV�DV�D�GLVWLQFW�LQGLYLGXDO�q�DQ�LQGLYLGXDO�DFFLGHQW�LQ�WKH�FDWHJRU\�RI�
DFWLRQ�RU�SDVVLRQ��
$�FRQJHULHV�RI�LQGLVWLQJXLVKDEOH�SDUWLFOHV�LV�D�YLUWXDO�TXDQWLWDWLYH�SDUW�

RI�D�WKHUPDO�VXEVWDQFH��FRUUHVSRQGLQJ�WR�D�TXDQWLWDWLYH�DFFLGHQW��,Q�WUD�
GLWLRQDO�$ULVWRWHOLDQLVP��D�VROLG�EURQ]H�VSKHUH�KDV�D�WRS�KDOI�WKDW�FRU�
UHVSRQGV�ZLWK�D�FHUWDLQ�KHPLVSKHULF�DFFLGHQW�RI�TXDQWLW\��6R��D�FRQJHULHV�
RI�LQGLVWLQJXLVKDEOH�SDUWLFOHV��DV�D�TXDQWLWDWLYH�DFFLGHQW�RI�WKH�WKHUPDO�
VXEVWDQFH��FRUUHVSRQGV�WR�D�YLUWXDO�TXDQWLWDWLYH�SDUW�RI�WKDW�WKHUPDO�VXE�
VWDQFH��6XFK�FRQJHULHV�DUH�DQDORJRXV�WR�WKH�TXDQWLWLHV�RI�HOHPHQWV��HDUWK��
ZDWHU��DLU��fire) WKDW�H[LVWHG�YLUWXDOO\�LQ�$ULVWRWOH
V�WKHRU\�RI�PL[WXUHV��LQ�
2Q�*HQHUDWLRQ�DQG�&RUUXSWLRQ��%RRN�����$�FRQJHULHV�RI�SDUWLFOHV�LV�RQWR�
ORJLFDOO\�GHSHQGHQW�RQ�WKH�WKHUPDO�VXEVWDQFH�DQG�QRW�DQ�DFWXDO�VXEVWDQFH�
LQ�LWV�RZQ�ULJKW��,W�GRHVQ
W�H[LVW�LQ�IXOO�DFWXDOLW\�EXW�RQO\�LQ�YLUWXH�RI�WKH�
SRZHU�RI�WKH�VXEVWDQFH�WR�DFW�DQG�EH�DFWHG�RQ�LQ�FHUWDLQ�ZD\V��,Q�LWV�YLUWXDO�
SUHVHQFH�LQ�WKH�VXEVWDQFH��D�FRQJHULHV�RI�TXDQWXP�SDUWLFOHV�FRXQWV�DV�D�
YLUWXDO�SDUW�RI�WKH�SUR[LPDWH�PDWWHU�RI�WKDW�VXEVWDQFH�q�DJDLQ��DQDORJRXV�
WR�WKH�ZD\�WKDW�HOHPHQWDO�TXDQWLWLHV�FRXQWHG�LQ�$ULVWRWOH
V�FKHPLVWU\��
7KH�VXEVWDQWLDO�IRUP�RI�WKH�ZKROH�WKHUPDO�VXEVWDQFH�LV�UHVSRQVLEOH�

IRU�WKH�H[LVWHQFH��QDWXUH��DQG�PXWXDO�FRPELQDWLRQ�RI�WKH�TXDQWDO�HQWL�
WLHV�WKDW�PDNH�XS�LWV�SUR[LPDWH�PDWWHU��$W�WKH�VDPH�WLPH��WKH�UHVXOW�
LQJ�SUR[LPDWH�TXDQWXP�OHYHO�PDWWHU�PXVW� VDWLVI\�FHUWDLQ�FRQGLWLRQV�
IRU�WKH�ZKROH�VXEVWDQFH�WR�SHUVLVW�DQG�WR�KDYH�WKH�FRQWLQJHQW�SRZHUV�
WKDW� LW� GRHV�KDYH��+HQFH�� WKHUH� LV� D� OHJLWLPDWH�SODFH� IRU� ERWWRP�XS�
PDWHULDO�H[SODQDWLRQ�LQ�WKH�$ULVWRWHOLDQ�VFKHPH��:H�FDQ�SDUWO\�H[SODLQ�
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WKH�SHUVLVWHQFH�RI�D�VXEVWDQFH�DQG�LWV�DFWLRQV�XSRQ�DQG�UHDFWLRQV�WR�LWV�
HQYLURQPHQW�LQ�WHUPV�RI�WKH�SRZHUV�DQG�SRWHQWLDOLWLHV�FRUUHVSRQGLQJ�
WR�LWV�TXDQWXP�FRQVWLWXHQWV��7KHUH�DUH�WZR�FRPSOHPHQWDU\�PRGHV�RI�
H[SODQDWLRQ��PDWHULDO�DQG�IRUPDO��DQG�ERWK�DUH�SULRU�WR�WKH�XVXDO�H[SOD�
QDWLRQ�LQ�WHUPV�RI�e!cient FDXVDWLRQ��ZKLFK�LV�LQYRNHG�LQ�H[SODLQLQJ�
WKH�SURGXFWLRQ�RI�FKDQJHV��
7KLV�WKHRU\�RI�WKHUPDO�VXEVWDQFHV�DQG�WKHLU�TXDQWXP�DFFLGHQWV�DJUHHV�

ZLWK�1LHOV�%RKU
V�&RSHQKDJHQ�LQWHUSUHWDWLRQ�RI�TXDQWXP�PHFKDQLFV�RQ�
WZR�SRLQWV��WKH�LQFRPSOHWHQHVV�RI�WKH�TXDQWXP�OHYHO�GHVFULSWLRQ�RI�WKH�
ZRUOG�DQG�WKH�H[LVWHQFH�RI�definite VWDWHV�ZLWKLQ�WKH�FRPSOHPHQWDU\�kFODV�
VLFDOy�ZRUOG��,�di!er ZLWK�%RKU��KRZHYHU��LQ�UHIXVLQJ�WR�VHSDUDWH�UHDOLW\�
LQWR�WZR�GLVMRLQW�GRPDLQV��TXDQWDO�DQG�FODVVLFDO���,QVWHDG��WKH�ZRUOG�FRQ�
VLVWV�RI�WKHUPDO�VXEVWDQFHV�DQG�WKHLU�YLUWXDO�TXDQWDO�SDUWV��(DFK�WKHUPDO�
VXEVWDQFH�KDV�ERWK�FODVVLFDO�DQG�TXDQWDO�SURSHUWLHV��7KH�FODVVLFDO�SURSHU�
WLHV�IRUP�D�QRQ�WULYLDO�FRUH�RU�FHQWHU�RI�PXWXDOO\�FRPPXWDEOH�REVHUYDEOHV��
defining VXSHU�VHOHFWLRQ�VHFWRUV��3ULPDV��������������7KHVH�FODVVLFDO�SURS�
HUWLHV�QHYHU�HQWHU�LQWR�TXDQWXP�VXSHUSRVLWLRQV��,Q�FRQWUDVW��WKH�GLVMRLQW�
FODVV�RI�TXDQWDO�SURSHUWLHV�DUH�W\SLFDOO\�IRXQG�LQ�VXSHUSRVHG�VWDWHV��ZLWK�
QRQ�WULYLDO�SUREDELOLWLHV�DVVLJQHG�WR�WKH�FRQVWLWXHQWV�RI�RUWKRJRQDO�EDVHV�
RI�REVHUYDEOHV��7ZR�TXDQWDO�SURSHUWLHV�GR�QRW�W\SLFDOO\�FRPPXWH��VLQFH�
WKH\�EHORQJ�WR�WKH�VDPH�VXSHU�VHOHFWLRQ�VHFWRU��
7KH�WKHRU\�RI�WKHUPDO�VXEVWDQFHV�GHQLHV�WKH�FRPSOHWHQHVV�RI�WKH�PLFUR�

SK\VLFDO��2QH�LPSRUWDQW�DVSHFW�RI�WKH�scientific UHYROXWLRQ�RI�WKH�VHYHQ�
WHHQWK�DQG�HLJKWHHQWK�FHQWXULHV�ZDV�LWV�HPSKDVLV�RQ�ZKDW�$ULVWRWHOLDQV�
ZRXOG� ODEHO�PDWHULDO�FDXVDWLRQ�DQG�H[SODQDWLRQ�WKURXJK�K\SRWKHWLFDO�
QHFHVVLW\��,I�ODUJH�V\VWHPV�DUH�WR�EHKDYH�DV�WKH\�DUH�REVHUYHG�WR�GR��WKH\�
PXVW�EH�FRPSRVHG�RI�SDUWV�ZLWK�LQWULQVLF�QDWXUHV�DQG�PXWXDO�DUUDQJH�
PHQWV� LQ� VSDFH� WKDW� DUH� FDSDEOH�RI� VXVWDLQLQJ� WKH�REVHUYHG� FROOHFWLYH�
EHKDYLRU��)URP�DQ�$ULVWRWHOLDQ�SRLQW�RI�YLHZ��WKLV�DQDO\WLF�DSSURDFK�LV�
SHUIHFWO\�OHJLWLPDWH��,W� LV� LOOXPLQDWLQJ�WR�OHDUQ�WKDW�ZDWHU�LV�FRPSRVHG�
�YLUWXDOO\��RI�+�2�PROHFXOHV��DQG�WKDW�FHOOV�FRQWDLQ��YLUWXDOO\��GRXEOH�
KHOLFHV�RI�'1$��
:KHUH�PLFURSK\VLFDOLVP�ZHQW�ZURQJ�ZDV�LQ�LQVLVWLQJ�WKDW�PDFURVFRSLF�

SKHQRPHQD�FDQ�EH�H[KDXVWLYHO\�H[SODLQHG�LQ�WHUPV�RI�PLFURSK\VLFDO�IDFWV��
0LFURSK\VLFDOLVWV�DVVXPH�WKDW�DOO�IDFWV�VXSHUYHQH�RQ�WKH�PLFURSK\VLFDO�
HQWLWLHV�DQG�WKHLU�DUUDQJHPHQWV�LQ�VSDFH��7KLV�LV�WUXH�ERWK�RI�DWRPLVWV�
RI�YDULRXV�NLQGV�DQG�WKRVH�ZKR�EHOLHYH�WKDW�PDWWHU�LV�infinitely GLYLVLEOH��
OLNH�(PSHGRFOHV�RU�'HVFDUWHV��7KH�PRWLRQV�RI�ODUJH�ERGLHV�GHSHQG�RQ�
WKHLU�FRPSRVLWLRQ�DQG�WKH�PRWLRQV�RI�WKRVH�FRPSRQHQWV��DQG�QRW�YLFH�
YHUVD��2Q�WKLV�YLHZ��DOO�WUXH�H[SODQDWLRQ�RQ�WKLV�YLHZ�LV�ERWWRP�XS��IURP�
WKH�YHU\�VPDOO�WR�WKH�ODUJH��DQG�QHYHU�WRS�GRZQ��7KLV�PHDQV�WKDW�IRU�WKH�
PLFURSK\VLFDOLVW��WKHUH�FDQ�EH�QR�URRP�IRU�VXEVWDQWLDO�IRUP�q�ZLWK�RQH�
SRVVLEOH�H[FHSWLRQ��,I�WKHUH�DUH�IXQGDPHQWDO��LQGLYLVLEOH�SDUWLFOHV��WKH\�DQG�
WKH\�DORQH�FRXOG�KDYH�VXEVWDQWLDO�IRUPV��$QWL�DWRPLVWV�OLNH�'HVFDUWHV�RU�
(PSHGRFOHV�PXVW�UHMHFW�VXEVWDQWLDO�IRUPV�DOWRJHWKHU��VLQFH�RQ�WKHLU�YLHZ�
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WKHUH�DUH�QR�WUXH�XQLWLHV�LQ�QDWXUH��PHUHO\�YDULRXV�XQLIRUP�DQG�infinitely 
GLYLVLEOH�FRQWLQXD��
,Q�DQ\�FDVH��RQ�WKLV�YLHZ��QHLWKHU�SHRSOH�QRU�RUJDQLVPV�PRUH�JHQHUDOO\�

QRU�DQ\�RI�WKH�PDQ\�WKLQJV�WKDW�ZH�FDQ�SHUFHLYH�KDYH�VXEVWDQWLDO�IRUPV�
DW�DOO��&RQVHTXHQWO\��PLFURSK\VLFDOLVWV�PXVW�GHQ\�WKH�UHDOLW\�RI�DOO�WKH�
VR�FDOOHG�VHFRQGDU\�TXDOLWLHV��VXFK�DV�FRORU��VPHOO��RU�WDVWH��VLQFH�WKHVH��LI�
WKH\�H[LVWHG��ZRXOG�EH�DFFLGHQWV�RI�PDFURVFRSLF�VXEVWDQFHV��
/RQJ�EHIRUH�WKH�TXDQWXP�UHYROXWLRQ��WKLV�DQWL�UHDOLVP�DERXW�WKH�kPDQL�

IHVW�LPDJHy�RI�WKH�ZRUOG��WR�XVH�:LOIUHG�6HOODUV
V�SKUDVH��WKUHDWHQHG�WR�
XQGHUPLQH�WKH�scientific HQWHUSULVH�LWVHOI��VLQFH�DOO�RI�RXU�REVHUYDWLRQV�DQG�
H[SHULPHQWDO�UHVXOWV�SUHVXSSRVH�WKH�UHDO�H[LVWHQFH�RI��ZHOO��REVHUYDWLRQV�
DQG�H[SHULPHQWV��QHLWKHU�RI�ZKLFK�FDQ�HDVLO\�EH�DFFRPPRGDWHG�ZLWKLQ�D�
PLFURSK\VLFDOLVW�LPDJH�RI�WKH�ZRUOG��([SHULPHQWV�UHTXLUH�H[SHULPHQWDO�
FRQGLWLRQV�RU�VHWXSV��DQG�WKHVH�DUH�definable RQO\�LQ�PDFURVFRSLF�WHUPV��
,I�WKH�PDFURVFRSLF�ZRUOG�LV�PHUHO\�D�ZRUOG�RI�PLVOHDGLQJ�DSSHDUDQFHV��
KRZ�DUH�H[SHULPHQWV�SRVVLEOH"�
6R��WKHUH�ZHUH�DOZD\V�JURXQGV�IRU�VXVSLFLRQ�DERXW�WKH�PLFURSK\VLFDO�

LVW�SLFWXUH��EXW�WKH�VXFFHVV�IRU�VR�ORQJ�RI�ZKDW�LV�QRZ�FDOOHG�kFODVVLFDO�
SK\VLFV�y�WKH�SK\VLFV�RI�1HZWRQ�DQG�0D[ZHOO��DQG�HYHQ�RI�WKH�WKHRULHV�
RI� UHODWLYLW\�� VXJJHVWHG� WKDW� VXFK�D�SLFWXUH�PXVW�EH� WUXH��ZKDWHYHU� LWV�
SKLORVRSKLFDO�DQG�HSLVWHPRORJLFDO�FRQXQGUXPV��DQG�WKDW�ZH�MXVW�QHHG�
su"cient LPDJLQDWLRQ�WR�VHH�KRZ��7KLV�SUHVXPSWLRQ�RI�XOWLPDWH�FRKHU�
HQFH�FKDQJHV�GUDPDWLFDOO\�ZLWK�WKH�TXDQWXP�UHYROXWLRQ��7KH�UHYROXWLRQ�
KDV�QRW�SHUKDSV�PDGH�PLFURSK\VLFDOLVP�FRPSOHWHO\�XQWHQDEOH��EXW�LW�KDV�
FOHDUO\�SXW�LW�RQ�WKH�GHIHQVLYH�DQG�RSHQHG�XS�WKH�OLYH�SRVVLELOLW\�RI�UHVXU�
UHFWLQJ�VXEVWDQWLDO�IRUPV�DW�PDFURVFRSLF�VFDOHV�� LQFOXGLQJ�WKH�VFDOH�RI�
KXPDQ�EHLQJV�DQG�RWKHU�RUJDQLVPV��
$Q\�TXDQWXP�WKHRU\�RI�FKHPLVWU\�DQG�WKHUPRG\QDPLFV�PXVW�FRPH�WR�

JULSV�ZLWK�WKH�6WRQH�YRQ�1HXPDQQ�WKHRUHP��SURYHG�E\�0DUVKDOO�6WRQH�
DQG�-RKQ�YRQ�1HXPDQQ� LQ�������YRQ�1HXPDQQ��������7KH�WKHRUHP�
VWDWHV�WKDW�DQ\�WZR�kLUUHGXFLEOH�UHSUHVHQWDWLRQVy�RI�WKH�FDQRQLFDO�FRPPX�
WDWLRQ�UHODWLRQV�RI�TXDQWXP�WKHRU\�DUH�XQLWDULO\�HTXLYDOHQW��ZKHQHYHU�WKH�
V\VWHP�FRQWDLQV�RQO\�finitely�PDQ\�GHJUHHV�RI�IUHHGRP��$Q\�WZR�Q�SDUDP�
HWHU�V\VWHPV�DUH��WKHUHIRUH��XQLWDULO\�HTXLYDOHQW��8QLWDU\�HTXLYDOHQFH�LV�
WDNHQ��LQ�TXDQWXP�WKHRU\��WR�UHSUHVHQW�PDFURVFRSLF�LQGLVWLQJXLVKDELOLW\��
:KHQ�XVLQJ�finite TXDQWXP�UHSUHVHQWDWLRQV��WKHUH�FRXOG�EH�QR�di!erence 
DW�WKH�PDFURVFRSLF�VFDOH�LQ�FKHPLFDO�FRPSRVLWLRQ��RU�SKDVH�VWDWH�RI�PDWWHU�
�VROLG��OLTXLG��JDV���RU�HQWURS\��7KLV�ZRXOG�VHHP�WR�PDNH�FKHPLVWU\�DQG�
WKHUPRG\QDPLFV�LPSRVVLEOH��
3UDFWLFLQJ�TXDQWXP�WKHRULVWV�DYRLG�WKLV�QHJDWLYH�UHVXOW�E\�WDNLQJ�WKHLU�

PRGHOV�WR�WKH�WKHUPRG\QDPLF�OLPLW��/LX�������%DQJX�������6HZHOO��������
6XFK�PRGHOV�UHSUHVHQW�WKH�PDFURSK\VLFDO�VWDWH�RI�D�VXEVWDQFH�DV�FRQ�
VLVWLQJ�RI�DQ�infinite QXPEHU�RI�infinitesimal SDUWLFOHV��,Q�WKLV�ZD\��WKH\�
FDQ�HVFDSH�WKH�FRQVWUDLQWV�RI�WKH�6WRQH�YRQ�1HXPDQQ�WKHRUHP��ZKLFK�
DSSOLHV�RQO\�WR�finite V\VWHPV��,W�LV�RQO\�DW�WKH�WKHUPRG\QDPLF�OLPLW��DOVR�
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NQRZQ�DV�WKH�CFRQWLQXXP�OLPLW
��&RPSDJQHU��������WKDW�WKH�PRGHOV�KDYH�
HQRXJK�LQWHUQDO�VWUXFWXUH�WR�GLVWLQJXLVK�di!erent FKHPLFDO�FRPSRXQGV�
DQG�di!erent SKDVHV�RI�PDWWHU��$QG�RQO\�DW�WKDW�OLPLW�FDQ�ZH�JLYH�ULJRU�
RXV�definitions RI�FHQWUDO�QRWLRQV�LQ�WKH�SK\VLFV�RI�FRPSOH[�V\VWHPV�OLNH�
WHPSHUDWXUH�DQG�HQWURS\��
7KHUH�DUH�WKUHH�UHDVRQV�IRU�WDNLQJ�PRGHOV�WR�XQUHDOLVWLF�OLPLWV��7KH�first 

WZR�DUH�SXUHO\�fictional: QDPHO\��XVLQJ�DQ�XQUHDOLVWLF�PRGHO�EHFDXVH�LW�
PDNHV�FDOFXODWLRQV�VLPSOHU��RU�EHFDXVH�GRLQJ�VR�HQDEOHV�XV�WR�LJQRUH�UHOD�
WLYHO\�insignificant IDFWRUV��OLNH�IULFWLRQ�RU�JUDYLW\���7KH�FRQWLQXXP�OLPLW�
RI�TXDQWXP�WKHUPRG\QDPLFV�exemplifies D�WKLUG�UHDVRQ��EHFDXVH�RQO\�WKH�
XQUHDOLVWLF�PRGHO�FRQWDLQV�WKH�VRUW�RI�PDWKHPDWLFDO�VWUXFWXUH�QHHGHG�WR�
UHSUHVHQW�WKH�SKHQRPHQD�IDLWKIXOO\��
:KHQ�ZH�XVH�DQ�XQUHDOLVWLF�PRGHO�IRU�WKH�WKLUG�UHDVRQ��WKH�PRGHO�FDS�

WXUHV�VRPH�WUXWK�WKDW�D�PRUH�kUHDOLVWLFy�PRGHO�RI�WKH�VDPH�NLQG�FRXOG�
QRW�LQ�SULQFLSOH�FDSWXUH��7KLV�LV�H[DFWO\�ZKDW�ZH�VKRXOG�H[SHFW�LQ�WKH�
SUHVHQFH�RI�VXEVWDQWLDO�IRUP��7KH�VXEVWDQWLDO�IRUP�LPSRVHV�D�VWUXFWXUH�
RQ�WKH�ZKROH�V\VWHP�WKDW�FDQQRW�LQ�SULQFLSOH�EH�H[SODLQHG�E\�WKH�V\VWHP
V�
SDUWV�DQG�WKHLU�DUUDQJHPHQW��JLYHQ�D�V\VWHP�ZLWK�RQO\�D�finite QXPEHU�
RI�IXQGDPHQWDO�SDUWLFOHV��7KH�QHHG�IRU�DQ�infinite PRGHO�reflects D�JDS�
LQ�WKH�ERWWRP�XS�H[SODQDWLRQ�RI�WKH�SKHQRPHQRQ�LQ�TXHVWLRQ��2QO\�WKH�
SUHVHQFH�RI�D�WRS�GRZQ�H[SODQDQV��WKDW�LV��WKH�IRUP��FDQ�DFFRXQW�IRU�WKH�
inadequacy of the finite models. 
7KH�XVH�RI� infinite PRGHOV� LQ�TXDQWXP�VWDWLVWLFDO�PHFKDQLFV�H[DFWO\�

UHDOL]HV�D�K\ORPRUSKLF�PRGHO�RI�H[SODQDWLRQ��ZLWK�LWV�LQFOXVLRQ�RI�WZR�
FRPSOHPHQWDU\�PRGHV�RI�H[SODQDWLRQ��QDPHO\��IRUPDO�DQG�PDWHULDO��7KH�
IDFW�WKDW�WKH�PRGHOV�DUH�GHULYHG�E\�WDNLQJ�finite PRGHOV�RI�WKH�TXDQWXP�
FRPSRQHQWV�RI�WKH�V\VWHP�WR�WKH�infinite OLPLW�UHSUHVHQWV�WKH�UROH�RI�PDWH�
ULDO�FDXVDWLRQ��,Q�PRGHOLQJ�WKH�EHKDYLRU�RI�D�ERG\�RI�ZDWHU��ZH�EHJLQ�ZLWK�
D�finite PRGHO�RI�ZDWHU�PROHFXOHV��ZLWK�WKH�DSSURSULDWH�QXPEHUV�RI�SUR�
WRQV��QHXWURQV��DQG�HOHFWURQV���7KH�IDFW�WKDW�ZH�PXVW�WDNH�WKHVH�PRGHOV�WR�
DQ�kXQUHDOLVWLFy�OLPLW��ZLWK�DQ�infinite QXPEHU�RI�infinitesimal PROHFXOHV��
UHSUHVHQWV�WKH�UROH�RI�IRUPDO�FDXVDWLRQ��0DWHULDO�FDXVDWLRQ�FDQQRW�IXOO\�
DFFRXQW�IRU�WKH�V\VWHP
V�WKHUPRG\QDPLF�SURSHUWLHV��
6XEVWDQWLDO�IRUP�LV�DOVR�UHVSRQVLEOH�IRU�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�

VXEVWDQFHV��7KH�JHRPHWULFDO�VWUXFWXUH�RI�PROHFXOHV�FDQQRW�EH�FDSWXUHG�
E\�TXDQWXP�PHFKDQLFV�LQ�WKH�DEVHQFH�RI�WKH�PHWKRG�RI�WDNLQJ�PRGHOV�WR�
WKH�WKHUPRG\QDPLF�FRQWLQXXP�OLPLW��,W�LV�WUXH�WKDW��RQFH�ZH�KDYH�WKH�JHR�
PHWULFDO�VWUXFWXUH��DV�UHYHDOHG�E\�H[SHULPHQW���ZH�FDQ�XVH�finite TXDQWXP�
PRGHOV�WR�H[SODLQ�WKH�VWDELOLW\�RI�WKDW�VWUXFWXUH��7KLV�LV�MXVW�ZKDW�K\ORPRU�
SKLVWV�ZRXOG�H[SHFW��)LQLWH�TXDQWXP�PRGHOV�SURYLGH�WKH�PDWHULDO�PRGH�
RI�H[SODQDWLRQ�q�WKH\�H[SODLQ�KRZ�VWDEOH�FKHPLFDO�IRUPV�DUH�SRVVLEOH��
+RZHYHU��TXDQWXP�WKHRU\�LQ�WKDW�VLPSOH�IRUP�FDQQRW�JLYH�XV�WKH�IRUPDO�
H[SODQDWLRQ�RI�WKH�PROHFXODU�VWUXFWXUH��)LQLWH�TXDQWXP�PRGHOV��XQOLNH�
WKH�FRUUHVSRQGLQJ�PRGHOV�RI�FODVVLFDO�PHFKDQLFV��FDQQRW�H[SODLQ�VSRQ�
WDQHRXV�V\PPHWU\�EUHDNLQJ��6XFK�EUHDNLQJ�RI�V\PPHWULHV�RFFXUV�RQO\�
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LQ�WKH�kXQUHDOLVWLFy�PRGHOV�DW�WKH�WKHUPRG\QDPLF�OLPLW��:RROOH\�������
6WURFFKL����������q�����5XHWVFKH�������(DUPDQ��������7KHUHIRUH��DOO�
DV\PPHWULF�FKHPLFDO�VWUXFWXUH��OLNH�WKH�OHIW�KDQGHGQHVV�RI�RUJDQLF�DPLQR�
DFLGV��PXVW�EH�LPSRVHG�IURP�DERYH��E\�VXEVWDQWLDO�IRUP��:RROOH\�������
+HQGU\��������
$W�WKH�OHYHO�RI�PLFURSK\VLFV��WKHUH�LV�QR�WUXH�LUUHYHUVLELOLW\�RU�GLUHFWLRQ�

WR�WLPH��$Q\�SXUHO\�TXDQWXP�WUDQVLWLRQ�FDQ�EH�UHYHUVHG�LQ�WLPH��VR�ORQJ�
DV�ZH�UHVHUYH�HOHFWULF�FKDUJH�DQG�SDULW\��OHIW��DQG�ULJKW�KDQGHGQHVV��DW�WKH�
VDPH�WLPH��7KHUH�LV��WKHUHIRUH��QR�PLFURSK\VLFDO�SURFHVV�WKDW�LV�LQWULQVL�
FDOO\�GLUHFWHG�WRZDUG�WKH�IXWXUH��,I��KRZHYHU��ZH�DFFHSW�WKHUPRG\QDP�
LFV�DV�D�IXQGDPHQWDO�VFLHQFH�DSSO\LQJ�WR�WKHUPDO�VXEVWDQFHV��3ULJRJLQH�
�������WKHQ�WKH�6HFRQG�/DZ�RI�7KHUPRG\QDPLFV��WKH�PRQRWRQLF�LQFUHDVH�
LQ�HQWURS\��JLYHV�XV�DQ�REMHFWLYH��IXQGDPHQWDO��DQG�LQWULQVLF�GLUHFWLRQ�LQ�
WLPH�DVVRFLDWHG�ZLWK�HYHU\�DFWXDO�PRWLRQ��$QG�WKLV�JLYHV�XV�QDWXUDO�WHOHRO�
RJ\��DV�V\VWHPV�QDWXUDOO\�VHHN�WKHLU�HTXLOLEULXP�VWDWH��7KH�VXP�WRWDO�RI�
TXDQWXP�OHYHO�IDFWV�GRHV�QRW�fix WKH�GLUHFWLRQ�RI�WLPH��EXW�WKH�VXEVWDQWLDO�
IRUPV�RI�WKHUPDO�VXEVWDQFHV�GR��
7KXV�� TXDQWXP� WKHUPRG\QDPLFV� DQG� FKHPLVWU\� SURYLGH� XV�ZLWK�

H[DPSOHV� LQ�ZKLFK� WKH�PDFURVFRSLF� IHDWXUHV� RI� WKH� V\VWHP� GR� QRW�
VXSHUYHQH�RQ�DQG�WKHUHIRUH�FDQQRW�EH�H[KDXVWLYHO\�H[SODLQHG�E\�WKH�
PLFURSK\VLFDO� IDFWV��7KDW� LV��ZH�FRXOG�KDYH� WZR�VLWXDWLRQV� WKDW�DUH�
PLFURSK\VLFDOO\�LQGLVWLQJXLVKDEOH�DQG�\HW�FKHPLFDOO\�DQG�WKHUPRG\�
QDPLFDOO\�di!erent. &RQVHTXHQWO\��WKHVH�FKHPLFDO�di!erences FDQQRW�
LQ�SULQFLSOH�EH�H[SODLQHG�H[KDXVWLYHO\�DW�WKH�PLFURSK\VLFDO�OHYHO��$Q�
DGHTXDWH� VFLHQFH�RI�PDWWHU�QHHGV� WR� FRPELQH�ERWWRP�XS� �PDWHULDO��
DQG�WRS�GRZQ��IRUPDO��PRGHV�RI�H[SODQDWLRQ��7KH�UHVXOW�LV�QRW�D�UDGL�
FDO�IRUP�RI�WKHRUHWLFDO�SOXUDOLVP�RU�WKH�GLVXQLW\�RI�VFLHQFH��VLQFH��DV�
TXDQWXP�WKHUPRG\QDPLFV�GHPRQVWUDWHV��ZH�FDQ�FRPELQH�ERWK�PRGHV�
LQ�D�VLQJOH�PRGHO��
,Q�IDFW��HYHQ�DSDUW�IURP�WKHVH�FRQVLGHUDWLRQV�DERXW�TXDQWXP�FKHP�

LVWU\�DQG�WKHUPRG\QDPLFV��SXUH�TXDQWXP�WKHRU\�LWVHOI��LQ�WKH�IRUP�RI�
6FKUÜGLQJHU�RU�PDWUL[�G\QDPLFV�� LQGLFDWHV� WKH� LQFRPSOHWHQHVV�RI� WKH�
TXDQWXP�GRPDLQ��DV�UHFRJQL]HG�E\�1LHOV�%RKU��7KH�SUHGLFWLRQV�RI�TXDQ�
WXP�G\QDPLFV�DOO�WDNH�WKH�IRUP�RI�SUREDELOLWLHV��EXW�SUREDELOLWLHV�RI�ZKDW"�
7KH�VWDQGDUG�DQVZHU��IROORZLQJ�%RKU�� LV�� WKH�SUREDELOLW\�RI�PHDVXUH�
PHQW�UHVXOWV��%XW�ZKDW�DUH�PHDVXUHPHQWV��DQG�KRZ�GR�WKH\�KDYH�definite 
UHVXOWV"�7KLV� OHDGV�WR�ZKDW� LV�NQRZQ�DV�WKH�PHDVXUHPHQW�SUREOHP�RU�
PHDVXUHPHQW�SDUDGR[��
$�TXDQWXP�PHDVXUHPHQW�FRQVLVWV�LQ�DQ�LQWHUDFWLRQ�EHWZHHQ�D�KXPDQ�

H[SHULPHQWHU��YDULRXV�H[SHULPHQWDO�PDWHULDOV��LQVWUXPHQWV�� ODERUDWRU\�
VHWXSV��DQG�WKH�OLNH���DQG�D�VRXUFH�RI�TXDQWXP�SDUWLFOHV��%XW�PDFURVFRSLF�
HQWLWLHV��OLNH�H[SHULPHQWHUV�DQG�WKHLU�LQVWUXPHQWV��DUH�WKHPVHOYHV�HQWLUHO\�
FRPSRVHG�RI�TXDQWXP�SDUWLFOHV��DQG�VR�TXDQWXP�G\QDPLFV�VKRXOG�DSSO\�
WR�WKHP�DV�ZHOO��7KLV�OHDGV�WR�DQ�infinite UHJUHVV��SUREDELOLWLHV�RI�SURE�
abilities of probabilities, ad infinitum. 
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7KH�IDPRXV�WKRXJKW�H[SHULPHQW�RI�6FKUÜGLQJHU
V�FDW�LOOXVWUDWHV�WKH�first 
VWHS�RI�WKH�SDUDGR[��,I�WKH�FDW�LV�SRLVHG�WR�REVHUYH�VRPH�TXDQWXP�PHD�
VXUHPHQW��DQG�LI�ZH�WUHDW�WKH�FDW�LWVHOI�DV�D�TXDQWXP�V\VWHP��WKHQ�WKH�LQWHU�
DFWLRQ�EHWZHHQ�WKH�FDW�DQG�WKH�TXDQWXP�SKHQRPHQRQ��VD\��DQ�HOHFWURQ�
WKDW�FRXOG�JR�HLWKHU�XS�RU�GRZQ��ZLOO�\LHOG�QR�definite UHVXOW��,QVWHDG��WKH�
HOHFWURQ�ZLOO�EHJLQ�LQ�D�VXSHUSRVHG�8S�'RZQ�VWDWH��DQG�WKH�FDW�ZLOO�FRPH�
WR�EH�LQ�D�VXSHUSRVHG�2EVHUYH�XS�2EVHUYH�GRZQ�VWDWH��XQWLO�ZH�RSHQ�WKH�
ER[�DQG�REVHUYH�ZKDW�WKH�FDW�KDV�DFWXDOO\�REVHUYHG��%XW�WKH�REVHUYHU�RI�
WKH�FDW�FRXOG�EH�WUHDWHG�DV�\HW�DQRWKHU�TXDQWXP�V\VWHP��UHVXOWLQJ�LQ�DQ�
infinite regress. 
$ULVWRWHOLDQ�SOXUDOLVWV�GHQ\�WKDW�PDFURVFRSLF�HQWLWLHV�OLNH�KXPDQ�H[SHUL�

PHQWHUV�DQG�WKHLU� LQVWUXPHQWV�FDQ�EH�UHSUHVHQWHG�DGHTXDWHO\�E\�finite 
TXDQWXP�PRGHOV��7KHUPDO�VXEVWDQFHV�KDYH�FODVVLFDO��PXWXDOO\�FRPPXWLQJ�
SURSHUWLHV��OLNH�FKHPLFDO�FRPSRVLWLRQ��WHPSHUDWXUH��DQG�SKDVH�RI�PDWWHU��
SURSHUWLHV�WKDW�QHYHU�HQWHU�LQWR�TXDQWXP�VXSHUSRVLWLRQV��:KHQ�D�TXDQ�
WXP�SRZHU�LQWHUDFWV�ZLWK�D�WKHUPDO�VXEVWDQFH�DQG�SURGXFHV�D�FKDQJH�LQ�
FODVVLFDO�SURSHUWLHV��D�kPHDVXUHPHQWy�KDV�RFFXUUHG�ZLWK�D�definite UHVXOW��
,�FDQ�LOOXVWUDWH�WKH�K\ORPRUSKLF�VROXWLRQ�WR�WKH�PHDVXUHPHQW�SDUDGR[�

E\�LQWURGXFLQJ�WKH�WKRXJKW�H[SHULPHQW�RI�6FKUÜGLQJHU
V�LFH�FXEH��:H�SXW�
DQ�LFH�FXEH�LQ�D�ER[��DQG�DWWDFK�LW�WR�D�V\VWHP�WKDW�UHVSRQGV�WR�VRPH�
TXDQWXP�OHYHO�HYHQW��DQ�HYHQW�LQ�D�������VXSHUSRVHG�VWDWH��,I�WKH�V\VWHP�
UHVXOWV� LQ�DQ�8S�HYHQW�� WKH� LFH�FXEH�PHOWHG��DQG� LI� LW� UHVXOWV� LQ�'RZQ�
HYHQW�� WKH� LFH�FXEH�UHPDLQV�IUR]HQ��1RZ�WKH� LFH�FXEH� LV�HQWLUHO\�FRP�
SRVHG�RI�SURWRQV��QHXWURQV��DQG�HOHFWURQV��DQG�VR�LW�LV�VXEMHFW�WR�TXDQWXP�
PRGHOLQJ��+RZHYHU��WKH�LFH�FXEH�LV�D�WKHUPDO�VXEVWDQFH��DQG�VR�LW�KDV�D�
VXEVWDQWLDO�IRUP�WKDW�LPSRVHV�D�SKDVH�RI�PDWWHU��QDPHO\��VROLGLW\��XSRQ�
WKRVH�SDUWLFOHV��7KH�GLVWLQFWLRQ�EHWZHHQ�WZR�SKDVHV�RI�PDWWHU�RFFXUV�RQO\�
DW�WKH�OHYHO�RI�IRUP�q�LW�LV�QRW�GHWHUPLQHG�E\�WKH�TXDQWXP�VWDWH�RI�WKH�
FRQVWLWXHQW�SDUWLFOHV��&RQVHTXHQWO\��LW�LV�LPSRVVLEOH�IRU�D�FXEH�WR�EH�LQ�
D�)UR]HQ�8QIUR]HQ�VXSHUSRVHG�VWDWH��6XFK�D�VWDWH�VLPSO\�GRHV�QRW�H[LVW��
6R��ZH�FDQ�define D�PHDVXUHPHQW�HYHQW�WR�EH�DQ�HYHQW�LQYROYLQJ�QRQ�
TXDQWDO�SURSHUWLHV��DFFLGHQWV��RI�VXEVWDQFHV��:KHQHYHU�D�TXDQWXP�V\VWHP�
SURGXFHV�VXFK�DQ�HYHQW��D�kPHDVXUHPHQWy�RFFXUV��UHJDUGOHVV�RI�ZKHWKHU�
WKH�VXEVWDQFH�LV�DQ�RUJDQLVP�RU�PHUHO\�D�WKHUPDO�VXEVWDQFH��OLNH�DQ�LFH�
FXEH���&RQVFLRXVQHVV�QHHG�QRW�EH�LQYROYHG��DQG�VR�ZH�HVFDSH�LGHDOLVP��
7KLV�DFFRXQW��,�VXJJHVW��LV�FRQVLVWHQW�ZLWK�WKH�FRQWH[WXDO�ZDYH�IXQFWLRQ�
FROODSVH�PRGHO�SXW�IRUZDUG�E\�WKH�SK\VLFLVWV�%DUEDUD�'URVVHO�DQG�*HRUJH�
(OOLV��'URVVHO�������(OOLV�DQG�'URVVHO��������DQG�GLVFXVVHG�E\�:LOOLDP�0��
5��6LPSVRQ�LQ�&KDSWHU����
)RU�WKH�K\ORPRUSKLVW��WKHUPDO�VXEVWDQFHV�DQG�RUJDQLVPV�KDYH�definite 

SRVLWLRQV�LQ�VSDFH�DW�HDFK�PRPHQW�LQ�WLPH��HYHQ�LI�QRQH�RI�WKHLU�TXDQ�
WXP�FRPSRQHQWV�GR��(DFK�TXDQWXP�SDUWLFOH�LV��H[FHSW�IRU�WKH�PRPHQW�LQ�
ZKLFK�LWV�SRVLWLRQ�LV�PHDVXUHG��ORFDWHG�YDJXHO\�HYHU\ZKHUH��ZLWK�D�FHUWDLQ��
finite SUREDELOLW\��&OLIWRQ�DQG�+DOYRUVRQ��������7KHUPDO�VXEVWDQFHV�DQG�
RUJDQLVPV��LQ�FRQWUDVW��KDYH�D�definite, DFWXDO�ORFDWLRQ�DW�HDFK�PRPHQW��
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,QGLYLGXDO�TXDQWXP�SDUWLFOHV�DUH�UHDOO\�MXVW�PRPHQWDU\�DFFLGHQWV�RI�VXE�
VWDQFHV��DQG�VR�WKH�ORFDWLRQV�RI�WKH�SDUWLFOHV�GR�QRW�fix WKH�ORFDWLRQ�RI�
WKH�VXEVWDQFH��:KHQ�QRW�DFWXDOL]HG�E\�PHDVXUHPHQW��LQGLYLGXDO�TXDQWXP�
SDUWLFOHV�DUH�PHUHO\�SRZHUV�RI�LQWHUDFWLRQ��W\SLFDOO\�QRQ�ORFDOL]HG�SRZHUV��
&RQJHULHV�RI�VXFK�SDUWLFOHV��LQ�ZKLFK�WKH�SDUWLFOHV�ODFN�LQGLYLGXDO�LGHQWL�
WLHV��DUH�YLUWXDO�SDUWV�RI�WKH�VXEVWDQFH��
%RKU�ZDV� ULJKW� LQ� WKLQNLQJ� WKDW� TXDQWXP�PHFKDQLFV� LQGLFDWHV� WKH�

LQFRPSOHWHQHVV�RI�WKH�TXDQWXP�ZRUOG��%XW�KH�ZDV�ZURQJ��DW�OHDVW��DV�KH�
LV�FRPPRQO\�LQWHUSUHWHG��LQ�WKLQNLQJ�WKDW�WKH�WZR�GRPDLQV�FRXOG�EH�NHSW�
VHSDUDWH�WKURXJK�D�GXDOLVP�RI�REMHFWV�RU�HQWLWLHV��,�VSHFXODWH�WKDW�WKLV�PLV�
WDNH�UHVXOWV�IURP�XQIDPLOLDULW\�ZLWK�WKH�K\ORPRUSKLF�VROXWLRQ��LQ�ZKLFK�
FRQJHULHV�RI�TXDQWXP�SDUWLFOHV�DFW�DV�WKH�YLUWXDO�SUR[LPDWH�PDWWHU�IRU�
QRQ�TXDQWDO�IRUPV��:H�QRZ�NQRZ�WKDW�HYHQ�PDFURVFRSLF�REMHFWV�FDQ�KDYH�
TXDQWDO�DVSHFWV�q�IRU�H[DPSOH��VXSHUFRQGXFWRUV�DQG�VXSHUFRROHG�fluids, 
ZKLFK�H[HPSOLI\�H[RWLF�EHKDYLRU�WKDQNV�WR�TXDQWXP�FRKHUHQFH�e!ects. 
+\ORPRUSKLVWV�DUH�QRW�FRPPLWWHG�WR�D�GLFKRWRPRXV�TXDQWXP�FODVVLFDO�
GXDOLVP�EXW�WR�D�V\VWHP�LQ�ZKLFK�FRPSOHPHQWDU\�HQWLWLHV��QDPHO\��VXE�
VWDQFHV�DQG�DFFLGHQWV��IRUP�DQG�PDWWHU��FRH[LVW�LQ�PXWXDO�GHSHQGHQF\��
3URPSWHG�E\�WKH�XUJLQJ�RI�-RKQ�%HOO���������GHIHQGHUV�RI�PLFURSK\VL�

FDOLVP�KDYH�VRXJKW�DQ�DOWHUQDWLYH�VWUDWHJ\�IRU�UHVROYLQJ�WKH�PHDVXUHPHQW�
SDUDGR[��7KHVH�e!orts KDYH� OHG� WR�UHYLYHG� LQWHUHVW� LQ�(YHUHWW
V�PDQ\�
ZRUOGV� LQWHUSUHWDWLRQ��'DYLG�%RKP
V�SLORW�ZDYH� LQWHUSUHWDWLRQ��DQG�D�
IDPLO\�RI�REMHFWLYH�ERWWRP�XS�FROODSVH�WKHRULHV��LQFOXGLQJ�WKH�*KLUDUGL�
5LPLQL�:HEHU��*5:��WKHRU\���7KHVH�YDULRXV�PLFURSK\VLFDOLVW�UHDFWLRQV�
WR�WKH�SDUDGR[�H[SODLQ�ZK\�ZH�KDYH�D�PXOWLSOLFLW\�RI�kLQWHUSUHWDWLRQVy�
RI�TXDQWXP�WKHRU\��7KHUH�ZDV�QR�VXFK�SOXUDOLW\�RI�RQWRORJLFDO�LQWHUSUHWD�
WLRQV�RI�1HZWRQ�DQG�0D[ZHOO�q�WKRVH�WKHRULHV�VHHPHG�WR�SRLQW�FOHDUO\�WR�
WKH�WUXWK�RI�PLFURSK\VLFDOLVP��4XDQWXP�WKHRU\�QR�ORQJHU�GRHV�VR��6DYLQJ�
PLFURSK\VLFDOLVP�UHTXLUHV�DG�KRF�VXSSOHPHQWDWLRQ��
1RZ��QR�RQH�FDQ�EH�IRUFHG�E\�TXDQWXP�PHFKDQLFV�WR�HPEUDFH�K\OR�

PRUSKLVP��1RQHWKHOHVV��WKH�K\ORPRUSKLF�UHMHFWLRQ�RI�PLFURSK\VLFDOLVP�
SUHVHUYHV�WKH�VLPSOHVW�DQG�PRVW�QDWXUDO�LQWHUSUHWDWLRQ�RI�WKH�TXDQWXP�
IRUPDOLVP��,W�LV�ZHOO�VXSSRUWHG�E\�WKH�XVH�RI�WKH�WKHUPRG\QDPLF�OLPLW�LQ�
FKHPLVWU\�DQG�WKHUPRG\QDPLFV��DV�UHTXLUHG�E\�WKH�6WRQH�YRQ�1HXPDQQ�
WKHRUHP��8QOLNH�WKH�RWKHU�LQWHUSUHWDWLRQV��K\ORPRUSKLVP�GRHV�QRW�UHTXLUH�
DQ\�DG�KRF�modifications RU�unverifiable DGGLWLRQV��DQG�LW�DFFRUGV�EHVW�
ZLWK�WKH�DFWXDO�SUDFWLFH�RI�VFLHQWLVWV��3UDFWLFLQJ�TXDQWXP�VFLHQWLVWV��OLNH�
HYHU\RQH�HOVH��DUH� LPSOLFLW�$ULVWRWHOLDQV��DV� WKH�SKLORVRSKHU�RI�VFLHQFH�
1DQF\�&DUWZULJKW��������������KDV�DUJXHG�VLQFH�WKH�����V��

5. The World of Thermal Substances 

$�TXDQWLWDWLYH�SDUW�RI�D�VXEVWDQFH�LV�D�SDUW�LQ�D�YHU\�RUGLQDU\�IDPLOLDU�
ZD\��DV�D�finger RU�D�SDUWLFXODU�SLQW�RI�EORRG�DUH�SDUWV�RI�DQ�LQGLYLGXDO�
RUJDQLVP��7KH�VXEVWDQWLDO�IRUP�DQG�WKH�VR�FDOOHG�SULPH�PDWWHU�RI�WKH�
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VXEVWDQFH��DV�ZHOO�DV�WKH�DFFLGHQWV�RI�D�VXEVWDQFH��LQ�FRQWUDVW��DUH�QRW�
TXDQWLWDWLYH�SDUWV��,QGLYLGXDO�TXDQWXP�SDUWLFOHV�DUH��VRPHZKDW�VXUSULV�
LQJO\��DOVR�QRW�TXDQWLWDWLYH�SDUWV�RI�WKHUPDO�VXEVWDQFHV��,QVWHDG��WKH\�DUH�
PHUHO\�SRWHQWLDO�DFFLGHQWV�RI�TXDQWLWDWLYH�SDUWV��8QOLNH�TXDQWLWDWLYH�SDUWV��
LQGLYLGXDO�TXDQWXP�SDUWLFOHV�KDYH�QR�SHUVLVWLQJ�SDUWLFXODU�LGHQWLWLHV��$�
FRQJHULHV�RI�LQGLVWLQJXLVKDEOH�SDUWLFOHV�EHORQJLQJ�WR�D�VLQJOH�WKHUPDO�VXE�
VWDQFH�FRQVWLWXWHV�D�YLUWXDO�TXDQWLWDWLYH�SDUW�RI�WKDW�VXEVWDQFH�DQG�VR�SDUW�
RI�WKDW�VXEVWDQFH
V�SUR[LPDWH�PDWWHU��6XFK�YLUWXDO�SDUWV�PD\�EH�VDLG�WR�
KDYH�D�UHDO�EXW�GHULYHG�LGHQWLW\�DV�SHUVLVWLQJ��re-identifiable SDUWV�RI�WKH�
VXEVWDQFH��
7KH�WLOLQJ�FRQVWUDLQW�GLFWDWHV�WKDW�QR�VXEVWDQFH�FDQ�KDYH�RWKHU�DFWXDO�

VXEVWDQFHV�DV�TXDQWLWDWLYH�SDUWV��7R�GR�VR�ZRXOG�IDWDOO\�FRPSURPLVH�WKH�
SHU�VH�XQLW\�RI�WKH�FRQWDLQLQJ�VXEVWDQFH��7KH�UHTXLUHPHQWV�RI�SHU�VH�XQLW\�
RI� WKH�FRPSRVLWH� VXEVWDQFH�DUH� VR�JUHDW� WKDW�ZH�KDYH� WR� WKLQN�RI� WKH�
TXDQWLWDWLYH�SDUWV�DV�DOVR�PHWDSK\VLFDOO\�GHSHQGHQW�RQ�WKH�ZKROH��DQG�
QRW�YLFH�YHUVD��$V�D�UHVXOW��$ULVWRWHOLDQV�DUH�FRPPLWWHG�WR�ZKDW�KDV�EHHQ�
FDOOHG�WKH�+RPRQ\P\�3ULQFLSOH��QR�TXDQWLWDWLYH�SDUW�RI�D�VXEVWDQFH�FDQ�
H[LVW�H[FHSW�DV�D�SDUW�RI�WKDW�VXEVWDQFH��
&DQ� HLWKHU� DFFLGHQWV� RU� TXDQWLWDWLYH� SDUWV� RI� VXEVWDQFHV� SHUVLVW�

EH\RQG� WKH�GHPLVH�RI� WKHLU� VXEVWDQFHV"�$FFLGHQWV� DQG�TXDQWLWDWLYH�
SDUWV�DUH�GHSHQGHQW�LQ�VRPH�ZD\�RQ�WKHLU�KRVW�VXEVWDQFHV��EXW�GRHV�
WKLV�GHSHQGHQFH� UXOH�RXW� WKH�SRVVLELOLW\�RI� WKHLU�H[WHQGHG�VXUYLYDO"�
7KRPDV�$TXLQDV�ZURWH��,Q�0HWDSK\VLFD��9,,��/���������WKDW�VXEVWDQFH�
LV�WKH�CDFWLYH�SULQFLSOH
�RI�DFFLGHQWV��,W�LV�LPSRVVLEOH�IRU�DFFLGHQWV�WR�
EH�SULRU�WR�VXEVWDQFHV�CLQ�definition �UDWLR���WLPH��RU�JHQHUDWLRQ
��RS��
FLW��/�����������$FFLGHQWV�GR�QRW�KDYH�CSHUIHFW�EHLQJ��HVVH�SHUIHFWXP�
�
XQOHVV�WKH\�H[LVW�LQ�D�VXEMHFW��/����������3ULRULW\�LQ�WLPH�PHDQV�WKDW�
QR�DFFLGHQW�RU�SDUW�FDQ�H[LVW�EHIRUH�LWV�VXEVWDQFH��3ULRULW\�LQ�definition 
PHDQV�WKDW�WKH� LGHQWLW\�RI�WKH�DFFLGHQW�RU�SDUW� LV�GHULYHG�IURP�WKDW�
RI�LWV�VXEMHFW��7KLV�QRQ�SULRULW\�RI�DFFLGHQWV�LQ�ERWK�WLPH�DQG�defini�
WLRQ�VHHPV�FRPSDWLEOH��KRZHYHU��ZLWK�VRPH�DFFLGHQWV�FRQWLQXLQJ�WR�
H[LVW�DIWHU�WKHLU�VXEVWDQFHV�KDYH�EHHQ�GHVWUR\HG��,Q�RQH�FDVH��DV�LV�ZHOO�
NQRZQ��$TXLQDV�H[SOLFLWO\�a"rmed WKH�SRVVLELOLW\�RI�WKH�SHUVLVWHQFH�
RI�DFFLGHQWV�LQ�WKH�DEVHQFH�RI�WKHLU�VXEMHFWV��WKH�DFFLGHQWV�RI�WKH�+RVW�
LQ�WKH�(XFKDULVW��6XPPD�7KHRORJLFD��3DUW�,,,��T���D����,I�P\�WKHRU\�
RI�WKHUPDO�VXEVWDQFHV�LV�FRUUHFW��WKLV�NLQG�RI�VXUYLYDO�RI�DFFLGHQWV�LV�
DFWXDOO\�TXLWH�FRPPRQ�HYHQ�ZLWKLQ� WKH�QDWXUDO�RUGHU�DQG�GRHV�QRW�
GHPDQG�DQ\�DG�KRF�PHWDSK\VLFV��
,�KDYH�DUJXHG�HOVHZKHUH��.RRQV�������WKDW�WKHUH�DUH�JRRG�JURXQGV�

ZLWKLQ�$ULVWRWHOLDQ�SKLORVRSK\�IRU�SRVLWLQJ�WKDW�DFFLGHQWV�LQ�WKH�FDWHJRU\�
RI�DFWLRQ�FDQ�UHDGLO\�VXUYLYH�VHSDUDWLRQ�IURP�DQG�WKH�GHPLVH�RI� WKHLU�
VXEVWDQWLDO�KRVW��)RU�LQVWDQFH��$ULVWRWOH�GHVFULEHV�WKH�DUFKHU
V�DFFLGHQW�RI�
DFWLRQ�VXUYLYLQJ�LQ�WKH�DUURZ�WKURXJKRXW�LWV�flight, DQG�SUHVXPDEO\�WKLV�
ZRXOG�EH�WUXH�HYHQ�LI�WKH�DUFKHU�GLHG�ZKLOH�WKH�DUURZ�ZDV�LQ�flight. 7KLV�
LV�H[WUHPHO\�UHOHYDQW��VLQFH�TXDQWXP�SDUWLFOHV�DUH�DOVR�DFFLGHQWV�LQ�WKH�
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FDWHJRU\�RI�DFWLRQ��$�TXDQWXP�SDUWLFOH�UHSUHVHQWV�D�ZD\�LQ�ZKLFK�RQH�
WKHUPDO�VXEVWDQFH�FDQ�DFW�XSRQ�DQRWKHU��
$V�ZH
YH�VHHQ��ERWK�DFFLGHQWV�DQG�TXDQWLWDWLYH�SDUWV�KDYH�D�GXDO�GHSHQ�

GHQFH�RQ�WKHLU�VXEVWDQFHV��(YHU\�DFFLGHQW�RU�SDUW�PXVW�UHFHLYH�LWV�H[LVWHQFH�
DW�VRPH�SRLQW�LQ�WLPH�IURP�D�VXEVWDQFH��6HFRQG��HDFK�DFFLGHQW�RU�SDUW�LV�
LQGLYLGXDWHG�E\�LWV�VXEVWDQFH��1R�WZR�FRQJHULHV�RI�SDUWLFOHV�RI�WKH�VDPH�
NLQG�DUH�IXQGDPHQWDOO\�RU�SULPLWLYHO\�GLVWLQFW�IURP�HDFK�RWKHU��,QVWHDG��LI�
WKH\�KDYH�UHDO�GLVWLQFWQHVV��WKH\�GHULYH�WKDW�GLVWLQFWQHVV�IURP�WKH�QXPHUL�
FDO�GLVWLQFWQHVV�RI�WKHLU�VXEVWDQFHV��%URZHU�������.RRQV�����E���7KLV�
PHDQV�WKDW�WKH�LQGLYLGXDO�LGHQWLW\�RI�HDFK�SDUWLFOH�RU�FROOHFWLYLW\�RI�SDU�
WLFOHV�LV�HVVHQWLDOO\�WLHG�WR�WKDW�RI�D�SDUWLFXODU�VXEVWDQFH��WKHUPDO�VXEVWDQFH�
RU�RUJDQLVP���&RQVHTXHQWO\��QR�SDUWLFOH�RU�FROOHFWLYLW\�RI�SDUWLFOHV�FDQ�
EH�WUDQVIHUUHG�IURP�RQH�VXEVWDQFH�WR�DQRWKHU��2QFH�D�TXDQWXP�SDUWLFOH�
KDV�LQWHUDFWHG�ZLWK�D�WKHUPDO�VXEVWDQFH��LWV�LQGLYLGXDO�LGHQWLW\�KDV�FRPH�
WR�DQ�HQG��+RZHYHU��DV�,
YH�DUJXHG��WKDW�GRHV�QRW�UXOH�RXW�WKH�SRVVLELOLW\�
RI�DQ�LQGLYLGXDO�SDUWLFOH
V�FRQWLQXLQJ�WR�H[LVW�EH\RQG�WKH�GHPLVH�RI�LWV�
VXEVWDQFH��
7KH� WKHRU\�RI� WKHUPDO� VXEVWDQFHV� satisfies D�YHUVLRQ�RI� WKH� WLOLQJ�

FRQVWUDLQW��7KH�PDWHULDO�ZRUOG�FRQVLVWV�HQWLUHO\�RI�GLVMRLQW�DFWXDO�VXE�
VWDQFHV�DQG�UHPQDQWV�RI�VXFK�VXEVWDQFHV��DORQJ�ZLWK�WKHLU�DFFLGHQWV��
1R�WZR�DFWXDO�VXEVWDQFHV�RYHUODS��DQG�VR�WKH�SOXUDOLW\�RI�DFWXDO�VXE�
VWDQFHV��LQFOXGLQJ�UHPQDQWV�RI�H[WLQFW�VXEVWDQFHV��FRQVWLWXWHV�D�VHW�RI�
PXWXDOO\�GLVMRLQW�HQWLWLHV�WKDW�FROOHFWLYHO\�H[KDXVW�WKH�ZKROH�PDWHULDO�
XQLYHUVH��
(YHU\�DFWXDO�HQWLW\�LQ�WKH�ZRUOG�LV�HLWKHU��L��D�VXEVWDQFH���LL��DQ�DFFLGHQW�

RI�D�VXEVWDQFH���LLL��D�IUDJPHQW�RU�UHPQDQW�RI�D�VXEVWDQFH��RU��LY��D�JURXS�
RU��Y��D�KHDS�RI�VXEVWDQFHV�DQG�IUDJPHQWV���7KH�five FDWHJRULHV�FDQ�EH�
GLVWLQJXLVKHG�EDVHG�RQ�WKHLU�GHJUHH�RI�XQLW\��$�VXEVWDQFH�KDV�DEVROXWH�RU�
SHU�VH�XQLW\��$Q�DFFLGHQW��IUDJPHQW��D�TXDQWLWDWLYH�SDUW���RU�UHPQDQW�RI�D�
VXEVWDQFH�KDV�D�VLPLODU�GHJUHH�RI�XQLW\��EXW�RQH�WKDW�LV�GHSHQGHQW�RQ�WKH�
XQLW\�RI�WKH�ZKROH�VXEVWDQFH��$�JURXS�RI�VXEVWDQFHV�KDV�ZKDW�7KRPDV�
$TXLQDV�FDOOHG�WKH�XQLW\�RI�RUGHU��DQ�LPSHUIHFW�IRUP�RI�XQLW\��$�KHDS�KDV�
WKH�ORZHVW�GHJUHH�RI�XQLW\�q�WKH�XQLW\�RI�FRQWDFW�RU�FRQWLJXLW\��
$�JURXS�KDV�JUHDWHU�XQLW\�WKDQ�D�PHUH�KHDS��EXW�OHVV�WKDQ�WKDW�RI�D�WUXH�

VXEVWDQFH��:KHQ�VXEVWDQFHV�IRUP�D�JURXS��WKH�PHPEHUV�JDLQ�QRYHO�FDXVDO�
SRZHUV��ERWK�DFWLYH�DQG�SDVVLYH��WKURXJK�PHPEHUVKLS��/LNH�VXEVWDQFHV��
IDFWV�DERXW�JURXSV�DUH�QRW�UHGXFLEOH�WR�LQWULQVLF�IDFWV�DERXW�WKHLU�PHPEHUV�
DQG�WKH�PHPEHUV
�VSDWLRWHPSRUDO�UHODWLRQV��,Q�DGGLWLRQ��OLNH�D�VXEVWDQFH��
D�JURXS�FDQ�SHUVLVW�GHVSLWH�D�FKDQJLQJ�UROO�RI�PHPEHUV��7KHUH�DUH�WZR�
NH\�di!erences EHWZHHQ�JURXSV�DQG�VXEVWDQFHV��)LUVW��D�JURXS�GRHV�QRW�VR�
DEVRUE�LWV�PHPEHUV�LQ�VXFK�D�ZD\�WKDW�WKH�PHPEHUV�FDQQRW�EHORQJ�VLPXO�
WDQHRXVO\�WR�VHYHUDO�JURXSV��ZKLOH�QR�PDWHULDO�HQWLW\�FDQ�EHORQJ�DW�WKH�
VDPH�WLPH�WR�WZR�GLVWLQFW�VXEVWDQFHV��6RPH�EXW�QRW�DOO�RI�WKH�LUUHGXFLEOH�
SRZHUV�RI�WKH�PHPEHUV�DUH�JURXQGHG�E\�WKH�QDWXUH�RI�WKH�JURXS��6HFRQG��
WKH�WHDP�FDQQRW�XQGHUJR�DQ\�LQWULQVLF�FKDQJH�H[FHSW�YLD�FKDQJH�RI�VRPH�
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RI�LWV�PHPEHUV��ZKLOH�VXEVWDQFHV�FDQ�XQGHUJR�FKDQJH�DV�D�ZKROH��ZLWK�WKH�
LPSOLFDWLRQV�RI�WKH�FKDQJH�SHUFRODWLQJ�GRZQZDUG�WR�WKH�SDUWV��
,W�LV�FOHDU�WKDW�RUJDQLVPV�FDQ�IRUP�JURXSV��+XPDQ�EHLQJV�IRUP�D�EHZLO�

GHULQJ�YDULHW\�RI�VRFLDO�JURXSV�DQG�LQVWLWXWLRQV��0DQ\�RWKHU�DQLPDOV�DOVR�
ZRUN�WRJHWKHU� LQ�DQDORJRXV�VRFLDO�VWUXFWXUHV�� ,�ZRXOG�FRQMHFWXUH�WKDW�
LQRUJDQLF�WKHUPDO�VXEVWDQFHV�FDQ�DOVR�FRRSHUDWH�LQ�JURXS�OLNH�VWUXFWXUHV��
6WDEOH�SDWWHUQV�VHHQ�LQ�SKHQRPHQD�OLNH�5D\OHLJK�%ÑQDUG�FRQYHFWLRQ�FHOOV�
�'UD]LQ�DQG�5HLG��������ZKLUOSRROV��6WHZDUG�������������WKH�ZDWHU�F\FOH�
�2GHUEHUJ��������KXUULFDQHV��VWDUV��DQG�FHUWDLQ�NLQGV�RI�SODQHWV�PD\�LQGL�
FDWH�VXFK�LUUHGXFLEOH�FROOHFWLYH�EHKDYLRU��ZKLFK�QRQHWKHOHVV�IDOOV�VKRUW�RI�
WKH�SHU�VH�XQLW\�RI�VXEVWDQFHV��VHH�$QGHUVRQ�������/DXJKOLQ��������
6LQFH�GHYHORSLQJ�P\�DFFRXQW�RI�WKHUPDO�VXEVWDQFHV�VHYHUDO�\HDUV�DJR��

,�DP�RIWHQ�SUHVHQWHG�ZLWK�WZR�VRUWV�RI�TXHVWLRQV��7KHVH�DUH�TXHVWLRQV�RI�
RULJLQ�DQG�TXHVWLRQV�RI�LQGLYLGXDWLRQ��
/HW
V�WDNH�WKH�TXHVWLRQ�RI�RULJLQ��+RZ�GLG�WKH�first WKHUPDO�VXEVWDQFHV�

FRPH�LQWR�EHLQJ�LQ�WKH�HDUO\�XQLYHUVH"�:KDW�SURFHVV�FRPELQHG�WKH�TXDUNV��
HOHFWURQV��DQG�SKRWRQV�LQWR�VWDEOH��WKHUPDO�VXEVWDQFHV"�$QG��LI�WKH�first 
WKHUPDO�VXEVWDQFHV�ZHUH�IRUPHG�E\�VRPH�FRQJHDOLQJ�RI�IXQGDPHQWDO�SDU�
WLFOHV��GRHVQ
W�WKDW�HQWDLO�WKDW�WKHUH�ZDV�HLWKHU�D�WLPH�LQ�ZKLFK�WKHUH�ZHUH�
QR�VXEVWDQFHV�DW�DOO�RU�D�WLPH�LQ�ZKLFK�SDUWLFOHV�ZHUH�VXEVWDQFHV"�
7KLV�TXHVWLRQ�SUHVXSSRVHV�WKH�YHU\�ERWWRP�XS�LPSHULDOLVP�WKDW�,�DP�

WDNLQJ�SDLQV�WR�GHQ\��7KH�first WKHUPDO�VXEVWDQFHV�GLG�QRW�IRUP�E\�VRPH�
FRQJORPHUDWLRQ�RI� IXQGDPHQWDO� SDUWLFOHV��5DWKHU�� WKHUPDO� VXEVWDQFHV�
ZHUH� WKHUH�DW� WKH�YHU\�EHJLQQLQJ�� ,I� WKH�XQLYHUVH� LV�finite LQ�H[WHQW� �D�
VR�FDOOHG�FORVHG�XQLYHUVH���WKHQ�,�ZRXOG�H[SHFW�WKDW�D�VLQJOH�WKHUPDO�VXE�
VWDQFH�HPHUJHG�IURP�WKH�%LJ�%DQJ��D�WKHUPDO�VXEVWDQFH�DW�D�FRVPLF�VFDOH��
$V� WLPH�SDVVHG�� WKH�RULJLQDO� WKHUPDO� VXEVWDQFH�GHFRPSRVHG� LQWR�HYHU�
VPDOOHU�VXEVWDQFHV��first DW�WKH�VFDOH�RI�JDOD[\�FOXVWHUV��WKHQ�DW�WKDW�RI�
JDOD[LHV��WKHQ�VRODU�V\VWHPV��DQG�finally SODQHWDU\�FRPSRQHQWV��3DUWLFOHV�
KDYH�DOZD\V�KDG�RQO\�YLUWXDO�SUHVHQFH�ZLWKLQ�VXEVWDQFHV��
,� WKLQN� WKDW� WKH� VDPH� WRS�GRZQ�SHUVSHFWLYH�ZRXOG� UHVWUXFWXUH� RXU�

LQTXLU\�LQWR�WKH�RULJLQ�RI�OLIH��,QVWHDG�RI�WKLQNLQJ�RI�WKH�RULJLQDO�RUJDQ�
LVPV�DV�UHVXOWLQJ�IURP�WKH�FOXPSLQJ�WRJHWKHU�RI�PROHFXOHV�LQ�D�SRQG��ZH�
VKRXOG�ORRN�first DW�WKH�ZKROH�SRQG��RU�LQGHHG�DW�WKH�ZKROH�VRODU�V\VWHP��
7KH�RULJLQDO�RUJDQLVPV�PXVW�KDYH�UHVXOWHG�IURP�WKH�SDUWLDO�GLVLQWHJUD�
WLRQ�RI�VRPH�ODUJHU�SUH�RUJDQLF�V\VWHP��D�V\VWHP�WKDW�HQFRPSDVVHG�WKH�
SUHFXUVRUV�RI�ERWK�WKH�SRSXODWLRQ�RI�OLYLQJ�WKLQJV�DQG�WKHLU�HQYLURQPHQW��
6LPLODUO\��ZH�VKRXOGQ
W�WKLQN�RI�PXOWLFHOOHG�RUJDQLVPV�DV�UHVXOWLQJ�IURP�
WKH�FOXPSLQJ�WRJHWKHU�RI�RQH�FHOOHG�RUJDQLVPV��EXW�UDWKHU�DV�WKH�EUHDNLQJ�
o! RI�PXOWLFHOOHG�RUJDQLVPV�IURP�D�SUH�H[LVWLQJ�FRPPXQLW\�RI�VLPSOHU��
less di!erentiated life. 
/HW
V�WXUQ�QH[W�WR�WKH�TXHVWLRQV�RI�LQGLYLGXDWLRQ���+RZ�PDQ\�WKHUPDO�

VXEVWDQFHV�DUH�WKHUH"�+RZ�DUH�WKH\�LQGLYLGXDWHG"�)RU�LQVWDQFH��LV�WKH�HDUWK�
D�VLQJOH�VXEVWDQFH"�7KH�OLWKRVSKHUH�RI�WKH�HDUWK"�7KH�PDQWOH��FRUH��RU�
FUXVW"�7HFWRQLF�SODWHV"�0RXQWDLQ�UDQJHV"�5RFNV�RU�SHEEOHV"�+RPRJHQRXV�
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FU\VWDOV"�2U�DUH�DOO�RI�WKHVH�PHUH�JURXSV�RU�KHDSV�RI�VXEVWDQFHV"�+RZ�
PDQ\�VXEVWDQFHV�GR�WKH�ZRUOG
V�RFHDQV�FRQWDLQ"�2U�WKH�HDUWK
V�DWPR�
VSKHUH"�+RZ�PDQ\�VXEVWDQFHV�RFFXS\�LQWHUSODQHWDU\�RU�LQWHUVWHOODU�VSDFH"�
,Q�P\�YLHZ��WKHVH�DUH�RSHQ��HPSLULFDO�TXHVWLRQV��:H�FDQQRW�VHWWOH�WKHP�

IURP�WKH�DUPFKDLU�RU�E\�FDUHIXO�SKHQRPHQRORJLFDO�H[DPLQDWLRQ�RI�RUGL�
QDU\�H[SHULHQFH��:H�QHHG�WR�GHYHORS�IXOO�WKHRULHV�RI�FROOHFWLYH�SKHQRP�
HQD��7KH�VWXG\�RI�VXFK�SKHQRPHQD��ZKLFK�SK\VLFLVWV�WHUP�kHPHUJHQFHy��
LV�VWLOO�LQ�LWV�LQIDQF\��,W�LV�RQO\�LQ�WKH�ODVW����\HDUV�RU�VR�WKDW�VXVWDLQHG�
LQYHVWLJDWLRQ�LQWR�WKHVH�PDWWHUV�KDV�EHHQ�XQGHUWDNHQ��+\ORPRUSKLVP�FDQ�
EH�KHOSIXO��E\�UXOLQJ�RXW�IDFLOH��PLFURSK\VLFDOLVW�DQVZHUV��DQVZHUV�WKDW�
VXJJHVW�WKDW�WKHUH�LV�QRWKLQJ�IXQGDPHQWDO�RU�GHHS�WR�VWXG\�KHUH��VLQFH�
HYHU\WKLQJ�LV�VXSSRVHGO\�UHGXFLEOH�kLQ�SULQFLSOHy�WR�PLFURSK\VLFV��(UQHVW�
5XWKHUIRUG�LV�UHSRUWHG�WR�KDYH�VDLG�WKDW�DOO�RI�VFLHQFH�LV�HLWKHU�CDWRPLF�
SK\VLFV�RU�VWDPS�FROOHFWLQJ
�6XFK�PLFURSK\VLFDO�LPSHULDOLVP�UHOHJDWHV�DOO�
WKH�kVSHFLDOy�VFLHQFHV�WR�VHFRQG�FODVV�VWDWXV��VLPSO\�DUUDQJLQJ�RQ�WKH�SDJH�
IDFWV�WKDW�DUH�IXOO\�H[SODLQHG�RQO\�E\�VR�FDOOHG�IXQGDPHQWDO�SK\VLFV��
,I�K\ORPRUSKLVP�WUXH��HDFK�RI�WKH�VSHFLDO�VFLHQFHV� LV�HTXDOO\�IXQGD�

PHQWDO��7KH�ZRUOG�FDQQRW�EH�FDSWXUHG�LQ�PLFURSK\VLFDO�WHUPV�DORQH��7KH�
QDWXUHV�DQG�DFFLGHQWV�RI�WKHUPDO�VXEVWDQFHV�DQG�RUJDQLVPV�GR�QRW�HYHQ�
VXSHUYHQH�RQ�WKH�FKDUDFWHU�DQG�DUUDQJHPHQW�RI�PLFUR�SDUWLFOHV���7KLV�LV�
FRQVLVWHQW�ZLWK�DGPLWWLQJ�WKDW�QR�PDFURVFRSLF�FKDQJH�FDQ�RFFXU�ZLWKRXW�
FRQFXUUHQW�PLFURVFRSLF�FKDQJH���$V�ZH�GHVFHQG�WR�WKH�TXDQWXP�VFDOHV��
WKLQJV�EHFRPH�OHVV�definite DQG�PRUH�GHSHQGHQW��DQG�QRW�WKH�UHYHUVH��,W�LV�
DFWXDOO\�finite, kUHDOLVWLFy�TXDQWXP�SK\VLFV�WKDW�LV�QRQ�IXQGDPHQWDO��VLQFH�
WKHUH�DUH�QR�kTXDQWXP�VXEVWDQFHVy�SHU�VH��EXW�RQO\�TXDQWDO�DVSHFWV��DFFL�
GHQWV��RI�WKHUPDO�VXEVWDQFHV�DQG�RUJDQLVPV��7KH�UROH�RI�SDUWLFOH�SK\VLFV�LV�
VLPSO\�WR�SURYLGH�WKH�EDVH�PRGHOV�IURP�ZKLFK�WKH�WUXO\�UHDOLVWLF��infinite 
DOJHEUDV�RI�TXDQWXP�FKHPLVWU\�DQG�WKHUPRG\QDPLFV�FDQ�EH�EXLOW��FKDU�
DFWHUL]LQJ�WKH�HVVHQFHV�RI�WKHUPDO�VXEVWDQFHV��ERWK�DFWXDO�DQG�YLUWXDO���
+RZ�ELJ�FDQ�WKHUPDO�VXEVWDQFHV�EH"�7KHUPDO�VXEVWDQFHV�LQ�SULQFLSOH�

FDQ�H[LVW�DW�DQ\�VFDOH��IURP�VLQJOH�SDUWLFOHV��RU�HYHQ�IUDFWLRQ�RI�D�SDUWLFOH��
WR�WKH�HQWLUH�FRVPRV��,�FRQMHFWXUH�WKDW�YHU\�VPDOO�VXEVWDQFHV�DUH�TXLWH�
VKRUW�OLYHG�q�VXEVWDQFHV�LQ�WKH�ODWH�VWDJHV�RI�FRUUXSWLRQ�RU�WKH�HDUO\�VWDJHV�
RI�JHQHUDWLRQ��9HU\�VPDOO�VXEVWDQFHV�FDQ�SHUKDSV�EH�VXVWDLQHG�LQ�ODERUD�
WRU\�FRQGLWLRQV��,Q�WKH�ZLOG��WKH\�ZLOO��,�WKLQN��JHQHUDOO\�EH�PXFK�ODUJHU��
,Q�WKH�DEVHQFH�RI�HPSLULFDO�LQTXLU\��,�FDQ
W�DQVZHU�WKH�TXHVWLRQV�DERXW�

WKH�LQGLYLGXDWLRQ�RI�WKHUPDO�VXEVWDQFHV�ZLWK�DQ\�confidence, EXW�,�FDQ�
VXJJHVW�VRPH�FULWHULD�IRU�LQGLYLGXDWLRQ��

��� 6KDUS� ERXQGDULHV� RU� GLVFRQWLQXLWLHV�� LQ� ERWK� VSDFH� DQG� WLPH� �L�H���
VKDUS� WUDQVLWLRQV��DUH�D�QHFHVVDU\� FRQGLWLRQ� IRU�GLVWLQJXLVKLQJ� WZR�
WKHUPDO� VXEVWDQFHV�� %XW� VXFK� ERXQGDULHV� PD\� QRW� EH� D� su"cient 
FRQGLWLRQ��6RPH�WKHUPDO�VXEVWDQFHV� �OLNH�SHUKDSV�FRQYHFWLRQ�FHOOV��
PLJKW� LQFOXGH� VRPH� LQWHUQDO� ERXQGDULHV��1RQHWKHOHVV��ZKHUH� WKHUH�
DUH� QR� VKDUS� ERXQGDULHV�� ZKHUH� WKHUH� LV� SHUIHFW� FRQWLQXLW\� LQ�
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WHPSHUDWXUH�� FKHPLFDO� FRPSRVLWLRQ�� DQG� GHQVLW\��ZH� VKRXOG� FRXQW�
WKH�FRQWLQXXP�DV�FRQWDLQHG�E\�D�VLQJOH��HQGXULQJ�VXEVWDQFH���

��� 6WURQJO\�FROOHFWLYH�SRZHUV�DUH�D�QHFHVVDU\�FRQGLWLRQ�IRU�VXEVWDQWLDO�
XQLW\�� ERWK� DW� D� WLPH� DQG� WKURXJK� WLPH�� $� VXEVWDQFH� PXVW� KDYH�
FDXVDO�SRZHUV��ERWK�DFWLYH�DQG�SDVVLYH��WKDW�GR�QRW�VXSHUYHQH�XSRQ�
DQG� VR�DUH�QRW�GHWHUPLQHG�E\� WKH�SRZHUV�DQG�DUUDQJHPHQWV�RI� LWV�
SDUWV�� $V� ZH� KDYH� VHHQ�� WKLV� FRQGLWLRQ� LV� PHW� E\� DOO� ERGLHV� ZLWK�
FKHPLFDO�DQG� WKHUPRG\QDPLF�SURSHUWLHV��$JDLQ�� VXFK�VWURQJO\�FRO�
OHFWLYH�SRZHUV�PD\�QRW�EH�D�su!cient�FRQGLWLRQ�IRU�VXEVWDQWLDO�XQLW\�
DW�D�SRLQW�LQ�WLPH��LW�FRXOG�EH�WKDW�D�JURXS�RI�VXEVWDQFHV�SRVVHVVHV�
VRPH�VWURQJO\�FROOHFWLYH�SRZHUV��RYHU�DQG�DERYH�WKH�SRZHUV�RI�WKH�
LQGLYLGXDOV�� 7KLV� KDSSHQV� LQ� WKH� FDVH� RI� KXPDQ� VRFLHWLHV�� IRU�
H[DPSOH��

��� 7KH�FRPSOHWH�DEVRUSWLRQ�RI�WKH�FDXVDO�SRZHUV�RI�SDUWV�LV�D�su!cient 
FRQGLWLRQ�IRU�VXEVWDQWLDO�XQLW\�DW�D�SRLQW�LQ�WLPH��3DUWLDO�DEVRUSWLRQ�
RI�SRZHUV�UHVXOWV�LQ�JURXSV��QRW�LQ�WKH�SHU�VH�XQLW\�RI�D�VXEVWDQFH��
,Q� FRQWUDVW�� WKH� SDUWV� RI� D� VXEVWDQFH� DUH� VR� FRPSOHWHO\� DEVRUEHG�
LQWR�WKH�QDWXUH�RI�WKH�ZKROH�WKDW�WKH\�FDQQRW�VLPXOWDQHRXVO\�EHORQJ�
LQ�WKH�VDPH�ZD\�WR�WZR�GLVWLQFW�ZKROHV��

6. Irreducible Powers of Organisms 

+RZ�GR�RUJDQLVPV�fit LQWR�WKH�ZRUOG�RI�WKHUPDO�VXEVWDQFHV"�7KHUPDO�VXE�
VWDQFHV�KDYH�D�YLUWXDO�SUHVHQFH�ZLWKLQ�DQ�RUJDQLVP��7KHVH�YLUWXDOO\�SUHVHQW�
WKHUPDO�VXEVWDQFHV�FRUUHVSRQG�WR�DFWXDO�TXDQWLWDWLYH�SDUWV�RI�WKH�RUJDQ�
LVP��FRQWULEXWLQJ�WR�WKH�H[SODQDWLRQ�RI�WKH�FDXVDO�SRZHUV�RI�WKRVH�SDUWV��
&RQVHTXHQWO\��WKHUH�LV�D�PHWDSK\VLFDOO\�IXQGDPHQWDO�di!erence EHWZHHQ�
LQRUJDQLF�ZDWHU��IRU�H[DPSOH��DQG�ZDWHU�DV�LW�H[LVWV�LQ�RUJDQLVPV��DOWKRXJK�
FOHDUO\�LQRUJDQLF�ZDWHU�FDQ�SOD\�D�UROH�RI�PDWHULDO�FDXVDWLRQ�RU�H[SODQD�
WLRQ�LQ�UHODWLRQ�WR�RUJDQLF�SURFHVVHV��HYHQ�LI�RUJDQLF�DQG�LQRUJDQLF�ZDWHU�
DUH�HPSLULFDOO\�LQGLVWLQJXLVKDEOH�LQ�WKHLU�FKHPLFDO�DFWLRQV��7KH�FKHPLFDO�
SURSHUWLHV�RI�WKH�ZDWHU�KDYH�di!erent PHWDSK\VLFDO�H[SODQDWLRQV��GHSHQGLQJ�
RQ�WKH�NLQG�RI�VXEVWDQFH��WKHUPDO�RU�RUJDQLF��WR�ZKLFK�LW�EHORQJV��
7KH�FKHPLFDO�DQG�WKHUPRG\QDPLF�SURSHUWLHV�DQG�WKH�DVVRFLDWHG�FDXVDO�

SRZHUV�WKDW�WKH�TXDQWLWDWLYH�SDUWV�RI�WKH�OLYLQJ�ERG\�SRVVHVV�DUH�SDUWO\�
GHWHUPLQHG�E\�WKH�VRXO��WKH�VXEVWDQWLDO�IRUP�RI�WKH�ERG\��DORQJ�ZLWK�WKH�
KROLVWLF�DFFLGHQWV�RI�WKH�RUJDQLVP��OLNH�SHUFHSWLRQ�RU�WKRXJKW��7KH�LQWHU�
DFWLRQ�LV�QRW�RQH�RI�DFWLRQ�SDVVLRQ��DV�EHWZHHQ�WZR�VXEVWDQFHV��EXW�WRS�
GRZQ�IRUPDO�GHWHUPLQDWLRQ��1RQHWKHOHVV��FKDQJHDEOH�PHQWDO�DWWULEXWHV�
FDQ�PDNH�D�UHDO�di!erence WR�WKH�RSHUDWLRQ�RI�ERGLO\�SDUWV��DQG�YLFH�YHUVD��
7KH�VRXO�FDQ�JXLGH�WKH�EUHDNLQJ�RI�PLFURVFRSLF�V\PPHWULHV��LPSRVLQJ�
DV\PPHWULF�DFFLGHQWV�RQ�WKH�UHVXOWV��ZLWKRXW�UHTXLULQJ�DQ\�QRYHO�IRUFH�
�VXFK�DV�%HUJVRQ
V�ÑODQ�YLWDO��RU�YLRODWLRQ�RI�FRQVHUYDWLRQ�ODZV��
,V�WKHUH�LPPDQHQW�WHOHRORJ\�LQ�QDWXUH�RXWVLGH�RI�KXPDQ�WKRXJKW�DQG�

LQWHQWLRQ"�7KRPLVWV�DQG�RWKHU�$ULVWRWHOLDQV�DUJXH�WKDW�WKH�DQVZHU�LV�C<HV
��
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,Q�IDFW��ZKHQHYHU�D�WKLQJ�DFWV�DFFRUGLQJ�WR�LWV�LQWULQVLF�SRZHU�DQG�SRWHQWL�
DOLWLHV��LPPDQHQW�WHOHRORJ\�H[LVWV��5RWD��������)XQGDPHQWDO�FDXVDO�SRZ�
HUV�DV�$ULVWRWOH�FRQFHLYHV�RI�WKHP�DUH�LQKHUHQWO\�WHOHRORJLFDO��7R�KDYH�WKH�
SRZHU�WR�SURGXFH�(�LQ�FLUFXPVWDQFHV�&�LV�WR�KDYH�WKH�&�WR�(�WUDQVLWLRQ�
DV�RQH�RI�RQH
V�QDWXUDO�IXQFWLRQV��,QGHHG��DV�*HRUJH�0ROQDU��������KDV�
SRLQWHG�RXW��WKH�RQWRORJ\�RI�FDXVDO�SRZHUV�EXLOGV�LQWHQWLRQDOLW\�LQWR�WKH�
YHU\�IRXQGDWLRQV�RI�QDWXUDO�WKLQJV��7R�KDYH�D�SRZHU�LV�WR�EH�LQ�D�NLQG�
RI�LQWHQWLRQDO�VWDWH��RQH�WKDW�LV�LQ�D�UHDO�VHQVH�kDERXWy�WKH�e!ects RQH�LV�
SUHGLVSRVHG�WR�SURGXFH��
2Q�WKH�$ULVWRWHOLDQ�PRGHO��ELRORJLFDO�WHOHRORJ\�UHTXLUHV�MXVW�WZR�WKLQJV��

D�UREXVW�FDXVDO�SRZHUV�PHWDSK\VLFV�DQG�UHDO�FDXVDO�SRZHUV�DW�WKH�OHYHO�RI�
ELRORJLFDO�RUJDQV�DQG�RUJDQLVPV��6XFK�UHDO�SRZHUV�UHTXLUH��LQ�WXUQ��VXE�
VWDQWLDO�IRUPV�DW�WKH�OHYHO�RI�ZKROH�RUJDQLVPV��7KH�VXEVWDQWLDO�IRUP�RI�DQ�
RUJDQLVP�LV�FDOOHG�LWV�VRXO��SV\FKH���,Q�QRQKXPDQ�DQLPDOV�DQG�LQ�SODQWV��
WKH�VRXO�LV�QRQUDWLRQDO��+XPDQ�VRXOV�SRVVHVV�DGGLWLRQDO�UDWLRQDO�SRZHUV��
powers of scientific understanding and deliberation about the good. 
7KLV�HPHUJHQFH�RI�QHZ�SRZHUV�DW� WKH�PDFURVFRSLF��ELRORJLFDO�VFDOH�

VKRXOG�EH�XQVXUSULVLQJ��JLYHQ�WKH�IDFW�WKDW��DFFRUGLQJ�WR�RXU�PRVW�UHFHQW�
TXDQWXP�PHFKDQLFDO�PRGHOV��ZH�VHH�VWURQJ��RQWRORJLFDO��HPHUJHQFH�DW�
WKH�PHVRVFRSLF�VFDOH� LQ�VROLG�VWDWH�SK\VLFV�DQG�FKHPLVWU\��0HVRVFRSLF�
V\VWHPV��OLNH�IHUURPDJQHWV��VXSHUFRQGXFWRUV��DQG�%RVH�(LQVWHLQ�FRQGHQ�
VDWHV��DOO�H[KLELW�G\QDPLFDO�EHKDYLRUV�WKDW�DUH�LUUHGXFLEOH�WR�WKH�PLFUR�
VWDWHV�RI�WKH�FRQVWLWXHQW�SDUWLFOHV��QDPHO\�VSRQWDQHRXV�V\PPHWU\�EUHDNLQJ�
DQG�WKHUPRG\QDPLF�LUUHYHUVLELOLW\��,Q�D�VLPLODU�ZD\��ZH�VKRXOG�H[SHFW�
WKH�ELRORJLFDO�IXQFWLRQLQJ�RI�RUJDQLVPV�WR�EH�LUUHGXFLEOH�WR�WKH�FKHPLFDO�
DQG�WKHUPRG\QDPLF�IDFWV�DERXW�WKH�YLUWXDO�WKHUPDO�VXEVWDQFHV�WKDW�FRU�
UHVSRQG�WR�WKHLU�DFWXDO�TXDQWLWDWLYH�SDUWV��
(YROXWLRQ�LWVHOI�SUHVXSSRVHV�WHOHRORJ\�LQ�WKH�YHU\�LGHD�RI�UHSURGXFWLRQ��

DQG�VR�HYROXWLRQ�UHTXLUHV� LUUHGXFLEOH�FDXVDO�SRZHUV�DW�WKH�RUJDQLVPLF�
OHYHO��1R�RUJDQLVP�HYHU�SURGXFHV�DQ�H[DFW�SK\VLFDO�GXSOLFDWH�RI�LWVHOI��
,Q�WKH�FDVH�RI�VH[XDO�UHSURGXFWLRQ��WKH�FKLOGUHQ�DUH�RIWHQ�QRW�HYHQ�FORVH�
SK\VLFDO�DSSUR[LPDWLRQV�WR�HLWKHU�SDUHQW�DW�DQ\�VWDJH��$Q�RUJDQLVP�VXF�
FHVVIXOO\�UHSURGXFHV�LWVHOI�ZKHQ�LW�VXFFHVVIXOO\�SURGXFHV�DQRWKHU�LQVWDQFH�
RI�LWV�RZQ�ELRORJLFDO�NLQG��7KLV�SUHVXSSRVHV�D�IRUP�RI�WHOHRORJLFDO�UHDOLVP��
VLQFH�ELRORJLFDO�NLQGV�DUH�LQGLYLGXDWHG�WHOHRORJLFDOO\��WKDW�LV��LQ�WHUPV�RI�
WKHLU�IXQGDPHQWDO�FDXVDO�SRZHUV��
5LFKDUG�'DZNLQV�KDV�VXJJHVWHG�WKDW�ZH�WKLQN�RI�RUJDQLVPV�DV�PHUH�

kURERWVy�WKDW�RXU�'1$�PROHFXOHV�KDYH�kSURJUDPPHGy�IRU�UHSURGXFLQJ�
WKHPVHOYHV��'DZNLQV�������[[L���,Q�IDFW��'1$�PROHFXOHV�QHYHU�VXFFHHG�
LQ�SURGXFLQJ�SHUIHFW�SK\VLFDO�GXSOLFDWHV�RI�WKHPVHOYHV��DQG�HYHQ�LI�WKH\�
GLG��WKH�PHUH�SK\VLFDO�GXSOLFDWLRQ�RI�WKH�PROHFXOH�ZRXOG�QRW�FRQVWLWXWH�
UHSURGXFLQJ�RQHVHOI��6XSSRVH��IRU�H[DPSOH��WKDW�DQ�HFFHQWULF�ELOOLRQDLUH�
EXLOGV�D�FKHPLFDO�IDFWRU\�WKDW�GRHV�QRWKLQJ�EXW�fill EDUUHOV�ZLWK�FRSLHV�RI�
KLV�RZQ�JHQRPH��ODXQFKLQJ�WKHP�LQWR�GHHS�VSDFH��1R�RQH�ZRXOG�WKLQN�
WKDW�VXFK�D�PDQ�KDG�VXFFHHGHG�LQ�SURFUHDWLQJ�WULOOLRQV�RI�GHVFHQGDQWV��$�
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'1$�PROHFXOH�FRXQWV�DV�D�FRS\�RI�RQH�RI�RQH
V�JHQHV�RQO\�ZKHQ�LW�LV�VXF�
FHVVIXOO\�fulfilling WKH�IXQFWLRQ�RI�D�JHQH�ZLWKLQ�D�OLYLQJ�RUJDQLVP��LQGHHG��
within a living organism of the appropriate teleologically defined kind. 
$OH[DQGHU�3UXVV�DQG�,�KDYH�DUJXHG�WKDW�IXQFWLRQDOLVW�WKHRULHV�RI�PLQG�

UHTXLUH�DQ�DFFRXQW�RI�QRUPDWLYLW\��.RRQV�DQG�3UXVV��������7KH�DUJXPHQW�
FDQ�EH�H[WHQGHG�WR�IXQFWLRQDOLVW�DFFRXQWV�RI�ELRORJ\��7KH�IXQFWLRQDO�GLV�
SRVLWLRQV�WKDW�DUH�VXSSRVHG�WR�EH�definitive RI�PHQWDO�RU�ELRORJLFDO�VWDWHV�
FDQ�RQO\�EH�defined UHODWLYH�WR�WKH�QRUPDO�VWDWH�RI�WKH�RUJDQLVP��ZKHUH�WKH�
kQRUPDOLW\y�LQYROYHG�LV�D�QRUPDWLYH�QRWLRQ��QRW�PHUHO\�D�PDWWHU�RI�DYHU�
DJHV�RU�DFWXDO�IUHTXHQFLHV��7KHUH�DUH�WZR�SULPD�IDFLH�SODXVLEOH�DFFRXQWV�
RI�WKH�QDWXUDO�EDVLV�RI�QRUPDWLYLW\��$ULVWRWHOLDQ�SRZHUV�DQG�HYROXWLRQDU\�
DFFRXQWV��
$Q�$ULVWRWHOLDQ�FDQ�JLYH�D�VWUDLJKWIRUZDUG�DFFRXQW�RI�VXFK�QRUPDWLYLW\��

$�VXEVWDQFH�LV�VXSSRVHG�WR�SURGXFH�(�RQ�RFFDVLRQV�RI�&�LI�DQG�RQO\�
LI�LWV�QDWXUH�LQFOXGHV�D�&�WR�(�SRZHU��

7KH� RWKHU� SRWHQWLDO� VRXUFH� RI� QRUPDWLYLW\� LV� HYROXWLRQDU\� VHOHFWLRQ��
)RU� H[DPSOH�� 5XWK�0LOOLNDQ� DWWHPSWHG�define QRUPDOLW\� LQ� WHUPV� RI�
DGDSWDWLRQV��

,I�D�V\VWHP�[�EHORQJV�WR�D�UHSURGXFWLYH�IDPLO\�)��WKHQ�[�LV�VXSSRVHG�
WR�SURGXFH�(�XQGHU�FLUFXPVWDQFHV�&�LI�DQG�RQO\�LI�GRLQJ�VR�LV�RQH�RI�
)CV�DGDSWDWLRQV��

7KLV� VHHPV� WR� EH� WKH�PRVW� SURPLVLQJ� DOWHUQDWLYH� WR� WKH� $ULVWRWHOLDQ�
DFFRXQW��+RZHYHU��VXFK�HYROXWLRQDU\�DFFRXQWV�DUH�KLJKO\�YXOQHUDEOH�WR�
K\SRWKHWLFDO�FRXQWHUH[DPSOHV��3UXVV�SURSRVHG��LQ�.RRQV�DQG�3UXVV�������
WKH� WKRXJKW�H[SHULPHQW�RI� WKH�*UHDW�*UD]LQJ�*URXQG��D�K\SRWKHWLFDO�
ZRUOG�LQ�ZKLFK�RUJDQLVPV�LQ�RXU�KLVWRU\�ZHUH�PD[LPDOO\�proficient LQ�
UHSURGXFWLRQ��WKDQNV�WR�WKH�LQWHUYHQWLRQ�RI�EHQHYROHQW�DOLHQV��,Q�VXFK�D�
ZRUOG��HYHQ�LI�WKH�FDXVDO�SDWK�OHDGLQJ�WR�HDFK�RI�XV�ZHUH�LGHQWLFDO�WR�WKH�
DFWXDO�KLVWRULFDO�SDWK��QRQH�RI�XV�ZRXOG�EH�FRQVFLRXV��VLQFH�QR�GLVWLQF�
WLRQ�EHWZHHQ�QRUPDO�DQG�DEQRUPDO�VWDWHV�FRXOG�H[LVW��:LWKRXW�WKDW�GLV�
WLQFWLRQ��WKH�UHOHYDQW�IXQFWLRQDO�VWDWHV�VXSSRVHGO\�defining FRQVFLRXVQHVV�
FRXOG�QRW�EH�LQVWDQWLDWHG��
3UXVV
V� WKRXJKW� H[SHULPHQW� EULQJV� RXW� YHU\� YLYLGO\� KRZ�0LOOLNDQ
V�

definition RI�ELRORJLFDO�WHOHRORJ\�IDLOV�WR�FDSWXUH�DQ\�IRUP�RI�LPPDQHQW�
WHOHRORJ\��7KH�SUHVHQW�IXQFWLRQ�RI�DQ�RUJDQ�RU�RUJDQHOOH�GHSHQGV�RQ�KHU�
definition RQ�UHPRWH�IDFWV�LQ�WKH�SDVW��DQG�HYHQ�RQ�SDVW�IDFWV�WKDW�DUH�
FDXVDOO\�XQUHODWHG�WR�WKH�SUHVHQW��,I�KXPDQ�WKRXJKW�DQG�LQWHQWLRQ�GHSHQG�
RQ�WKH�WHOHRORJ\�RI�WKH�KXPDQ�ERG\��WKHQ�WKRXJKW�DQG�LQWHQWLRQ�DUH�DOVR�
H[WULQVLF�WR�RXU�SUHVHQW�FRQVWLWXWLRQ�DQG�RSHUDWLRQ��ZKLFK�LV�LQFUHGLEOH��
$V�,�PHQWLRQHG�LQ�6HFWLRQ����DQ�$ULVWRWHOLDQ�DFFRXQW�RI�RUJDQLVPV�SUR�

YLGHV�FOHDU�DGYDQWDJHV�IRU�HSLVWHPRORJ\��7DNH��IRU�H[DPSOH��RXU�SHUFHSWLRQ�
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RI�VHFRQGDU\�TXDOLWLHV��8QOHVV�ZH�DUH�SHUFHLYLQJ�UHDO�TXDOLWLHV�LQ�QDWXUH��DQG�
TXDOLWLHV�WKDW�UHDOO\�DUH�DV�ZH�SHUFHLYH�WKHP�WR�EH��DOO�RI�RXU�HPSLULFDO�NQRZO�
HGJH�LV�YXOQHUDEOH�WR�VNHSWLFDO�FKDOOHQJH��0LFURSK\VLFDOLVWV�FDQQRW�VXSSRVH�
WKDW�VHFRQGDU\�TXDOLWLHV��DV�ZH�SHUFHLYH�WKHP��DUH�UHDO��VLQFH�scientific WKHRU\�
KDV�QR�SODFH�IRU�DQ\�FRXQWHUSDUW�WR�FRORU��VPHOO��DQG�VR�RQ�DW�WKH�PLFUR�
SK\VLFDO�OHYHO��,Q�FRQWUDVW��K\ORPRUSKLVWV�FDQ�VXSSRVH�WKHUPDO�VXEVWDQFHV�WR�
KDYH�IXQGDPHQWDO�SRZHUV�RI�PXWXDO�LQWHUDFWLRQ�WKDW�FRUUHVSRQG�FORVHO\�ZLWK�
WKH�DSSHDUDQFH�RI�FRORU��VRXQG��DQG�RGRU��7KH�TXDQWXP�OHYHO�LQWHUDFWLRQV�
RI�SDUWLFOHV�DUH�OHVV��UDWKHU�WKDQ�PRUH��IXQGDPHQWDO�WKDQ�WKHVH�FKURPDWLF��
DFRXVWLF��DQG�ROIDFWRU\�LQWHUDFWLRQV�EHWZHHQ�WKHUPDO�VXEVWDQFHV��2UJDQLVPV�
KDYH�HYROYHG�IXQGDPHQWDO�SDVVLYH�SRZHUV�RI�UHVSRQGLQJ�UHOLDEO\�WR�WKHVH�
DFWLYH�SRZHUV��UHVXOWLQJ�LQ�YHULGLFDO�SHUFHSWLRQ�RI�WKH�TXDOLWDWLYH�IHDWXUHV�
RI�LQRUJDQLF�VXEVWDQFHV��7KLV�SURYLGHV�D�PHWDSK\VLFDO�IRXQGDWLRQ�IRU�-�ǹ-��
*LEVRQ
V��������HFRORJLFDO�WKHRU\�RI�FRORU��UHKDELOLWDWLQJ�WKH�kVHFRQGDU\y�
qualities to first-class status. 
$QWL�UHDOLVWV�DERXW�VHFRQGDU\�TXDOLWLHV�FRXOG�REMHFW�WKDW�WKH�K\ORPRU�

SKLF�YLHZ�IDLOV�WR�VHFXUH�WKH�YHULGLFDOLW\�RI�FRORU�SHUFHSWLRQ��VLQFH�FRORUV�DV�
WKH\�DSSHDU�WR�XV�DUH�FDWHJRULFDO��QRQ�GLVSRVLWLRQDO��DQG�QRQ�UHODWLRQDO��
ZKLOH� WKH�TXDOLWLHV�RI� WKHUPDO� VXEVWDQFHV�DUH�PHUHO\�SRZHUV� WR�a!ect 
RWKHU�VXEVWDQFHV��%XW�LQ�D�FDXVDO�SRZHUV�RQWRORJ\��WKH�DFWLYDWLRQ�RI�D�
FDXVDO�SRZHU�LV�D�FDWHJRULFDO�DQG�LQWULQVLF�SURSHUW\�RI�LWV�EHDUHU��:KHQ�
ZH�SHUFHLYH�WKH�FRORU�RI�D�VXEVWDQFH��ZH�DUH�SHUFHLYLQJ�DQ�DFFLGHQW�RI�
DFWLRQ��WKH�DFWXDOL]DWLRQ�RI�D�FRUUHVSRQGLQJ�SRZHU�WR�DFW��$Q�DFFLGHQW�RI�
DFWLRQ�FDQ�ERWK�EH�LQWULQVLF�WR�D�VXEVWDQFH�DQG�PDNH�HVVHQWLDO�UHIHUHQFH�
WR�VRPHWKLQJ�EH\RQG�LW��7KH�FULWLF�LV�ULJKW�LQ�WKLQNLQJ�WKDW�FRORUV�DV�ZH�
SHUFHLYH�WKHP�DUH�QRW�SHUFHLYHG�DV�WKH�DFWXDOL]DWLRQ�RI�VRPHWKLQJ�UHODWLYH�
WR�XV��EXW�DV�WKH�DFWXDOL]DWLRQ�RI�D�PLQG�LQGHSHQGHQW�IHDWXUH��7KDW�DVSHFW�
RI�RXU�SKHQRPHQRORJ\�LV�SUHVHUYHG�LQ�WKH�$ULVWRWHOLDQ�DFFRXQW��VLQFH�WKH�
TXDOLWLHV�LQYROYH�SRZHUV�WR�DFW�RQ�ERWK�LQRUJDQLF�WKHUPDO�VXEVWDQFHV�DQG�
RXU�VHQVRU\�RUJDQV��
%XW�LV�WKH�$ULVWRWHOLDQ�DFFRXQW�RI�RUJDQLVPV�FRPSDWLEOH�ZLWK�WKH�IDFWV�

RI�ELRORJLFDO�HYROXWLRQ"�:DVQ
W�$ULVWRWOH�FRPPLWWHG�WR�WKH�HWHUQDO�fixity 
RI�WKH�VSHFLHV"�,Q�IDFW��WKH�fixity RI�VSHFLHV�LV�QR�PRUH�FHQWUDO�WR�$ULVWRWOH
V�
V\VWHP�WKDQ� LV� WKH�FRQVWDQF\�RI� WKH�FHOHVWLDO� VSKHUHV��$ULVWRWOH
V�QDWX�
UDO�SKLORVRSK\�GHSHQGV�RQ�WKH�H[LVWHQFH�RI�LQGLYLGXDO�VXEVWDQWLDO�IRUPV�
DQG�RQ�WKH�H[LVWHQFH�RI�UHODWLRQV�RI�REMHFWLYH�UHVHPEODQFH�EHWZHHQ�WKRVH�
IRUPV��UHVXOWLQJ�LQ�D�QHVWHG��VSHFLHV�JHQXV�VWUXFWXUH�RI�WD[RQRP\��$OO�RI�
WKHVH�IHDWXUHV�DUH�IXOO\�FRPSDWLEOH�ZLWK��DQG�HYHQ�SDUWO\�H[SODLQHG�E\��
WKH�WKHRU\�RI�HYROXWLRQ��$QG��DV�,�DUJXHG�HDUOLHU�LQ�WKLV�VHFWLRQ��HYROXWLRQ�
DFWXDOO\�GHSHQGV�RQ�WKH�H[LVWHQFH�RI�RUJDQLVPLF�VXEVWDQWLDO�IRUPV��
,Q�SULQFLSOH��WKHUH�ZRXOG�EH�QR�SUREOHP�IRU�K\ORPRUSKLVP�HYHQ�LI�HYHU\�

ELRORJLFDO�LQGLYLGXDO�ZHUH�RQWRORJLFDOO\�VXL�JHQHULV��$QG�WKH�WUDQVLWLRQ�
IURP�RQH�VSHFLHV�WR�DQRWKHU�LV�QRW�D�SUREOHP��$ULVWRWOH�UHFRJQL]HG�WKDW�
WKH�HQYLURQPHQW�SOD\V�D�UROH��DORQJ�ZLWK�WKH�SDUHQWV�� LQ�HYHU\�FDVH�RI�
UHSURGXFWLRQ��kPDQ�DQG�WKH�VXQ�EHJHW�PDQy��3K\VLFV�LL�������E�����
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%XW�$ULVWRWOH
V�WKHRU\�GRHV�UHTXLUH�D�SULQFLSOHG�GLVWLQFWLRQ�EHWZHHQ�VXE�
VWDQWLDO�IRUPV�DQG�PHUH�DFFLGHQWV��DQG�D�QHR�'DUZLQLDQ�WKHRU\�ZRXOG�
VHHP�WR�EOXU�WKDW�GLVWLQFWLRQ��VXSSRVLQJ�WKDW�WKH�HVVHQFH�RI�D�ELRORJLFDO�
LQGLYLGXDO�FRQVLVWV�RI�QRWKLQJ�EXW�WKH�DFFXPXODWLRQ�RI�IDYRUHG�DFFLGHQWV��
'DUZLQLDQ�HYROXWLRQ�GHSHQGV�RQ�D�SUH�H[LVWLQJ�JHQHWLF�YDULHW\�ZLWKLQ�VSH�
FLHV��ZKLFK�FRUUHVSRQGV��LQ�$ULVWRWHOLDQ�WHUPV��WR�WKH�PHPEHUV
�SRVVHVVLRQ�
RI�FRQWUDU\�FRQWLQJHQW�DFFLGHQWV��$V�D�QHZ�VSHFLHV�HPHUJHV��ZKDW�KDG�EHHQ�
PHUH�FRQWLQJHQW�DFFLGHQWV�WDNH�RQ�QHZ�IXQFWLRQV��HQDEOLQJ�WKH�RUJDQLVPV�
ZLWK�WKRVH�DFFLGHQWV�WR�EHWWHU�H[SORLW�VRPH�HFRORJLFDO�QLFKH��7KHUHIRUH��LW�
VHHPV��DW�OHDVW�SULPD�IDFLH��WKDW�DOO�HYROXWLRQDU\�FKDQJH�LQYROYHV�PHUHO\�
FKDQJHV�LQ�WKH�GLVWULEXWLRQ�RI�DFFLGHQWV�ZLWKLQ�UHODWHG�SRSXODWLRQV��:KHUH�
LV�WKH�QHHG�IRU�WKH�VXEVWDQWLDO�IRUP�DQG�LWV�HVVHQFH"�
)RU�$ULVWRWHOLDQV��WKH�GLVWLQFWLRQ�EHWZHHQ�VXEVWDQWLDO�IRUP�DQG�DFFLGHQW�

GHSHQGV�RQ�D�VHW�RI�DV\PPHWULF�H[SODQDWRU\�UHODWLRQV��$�VXEVWDQWLDO�IRUP�
H[SODLQV�WKH�RUJDQLVP
V�SRWHQWLDOLW\�IRU�FHUWDLQ�DFFLGHQWV��DQG�QRW�YLFH�
YHUVD��7KLV�LV�FRPSDWLEOH�ZLWK�QHR�'DUZLQLDQ�WKHRU\��ZKLFK�LV�VLOHQW�RQ�
WKH�H[SODQDWRU\�SULRULW\�EHWZHHQ�ELRORJLFDO�IRUPV��
)RU�K\ORPRUSKLVWV��WKHUH�LV�D�WUDGLWLRQDO�GLVWLQFWLRQ�EHWZHHQ�kSURSHUy�

DQG�FRQWLQJHQW�DFFLGHQWV��$Q�DFFLGHQW�LV�SURSHU��D�SURSULXP��LI�LW�flows 
IURP�WKH�specific QDWXUH�RI�WKH�VXEVWDQWLDO�IRUP��RWKHUZLVH��LW�LV�FRQWLQ�
JHQW���$PRQJ� FRQWLQJHQW� DFFLGHQWV�� VRPH� DUH� SHUPDQHQW� �OLNH� VH[�RU�
KDQGHGQHVV��DQG�RWKHUV�DUH�FKDQJHDEOH��7KH�SHUPDQHQW�EXW�FRQWLQJHQW�
DFFLGHQWV�DUH�H[SODLQHG�E\�WKH�FRPELQDWLRQ�RI�WKH�QDWXUH�RI�WKH�VXEVWDQ�
WLDO�IRUP�ZLWK�FHUWDLQ�FRQWLQJHQW�IDFWV�DERXW�WKH�SURFHVV�E\�ZKLFK�WKH�
RUJDQLVP�ZDV�JHQHUDWHG�DQG�RULJLQDOO\�GHYHORSHG��&KDQJHDEOH�DFFLGHQWV�
DUH�H[SODLQHG�E\�FRPELQLQJ�WKH�QDWXUH�RI�WKH�VXEVWDQWLDO�IRUP�ZLWK�FRQ�
WLQJHQW�IDFWV�DERXW�WKH�VXEVHTXHQW�KLVWRU\�RI�WKH�RUJDQLVP��
1RZ��WKH�FUXFLDO�TXHVWLRQ�LV��FDQ�WKH�$ULVWRWHOLDQ�H[SODLQ�KRZ�VRPH�

DFFLGHQW�FRXOG�EH�D�FRQWLQJHQW�DFFLGHQW�RI�DQ�DQFHVWUDO�IRUP�RI�WKH�RUJDQ�
LVP�EXW�D�SURSHU�DFFLGHQW�RI�WKH�RUJDQLVP�LWVHOI��RU�YLFH�YHUVD�"�'RHVQ
W�
WKLV�UHTXLUH�D�VKDUS��XQ�'DUZLQLDQ�WUDQVLWLRQ�EHWZHHQ�RQH�JHQHUDWLRQ��IRU�
ZKLFK�WKH�DFFLGHQW�LV�FRQWLQJHQW��DQG�WKH�QH[W�RQH��IRU�ZKLFK�WKH�DFFLGHQW�
LV�SURSHU�"�
1RW�QHFHVVDULO\��,W�FRXOG�EH�WKDW�GXULQJ�HYROXWLRQ�D�SRSXODWLRQ�FRPHV�

WR�UHDOL]H��XQVWDEO\��VXEVWDQWLDO�IRUPV�WKDW�EHORQJ�VLPXOWDQHRXVO\�WR�WZR�
GLVWLQFW�VSHFLHV��7KH�VXEVWDQFHV�LQ�VXFK�D�SRSXODWLRQ�ZRXOG�KDYH�WZR��
FRQWUDU\�SURSULD��HDFK�RQH�D�di!erentia RI�D�di!erent VSHFLHV��(DFK�PHP�
EHU�RI�WKH�SRSXODWLRQ�ZRXOG�EH�DEQRUPDO�UHODWLYH�WR�RQH�RU�ERWK�RI�LWV�
VSHFLHV��ODFNLQJ�RQH�RU�ERWK�RI�WKH�FRQWUDU\�SURSULD��5HODWLYH�WR�RQH�VSH�
FLHV��WKH�DFFLGHQW�LV�SHUPDQHQW�EXW�FRQWLQJHQW��DQG�UHODWLYH�WR�WKH�RWKHU�LW�
LV�SURSHU��,Q�VXFK�D�SRSXODWLRQ��WKHUH�ZRXOG�EH�DQ�XQXVXDO�DQG�XQVWDEOH�
RYHUGHWHUPLQDWLRQ�LQ�WKH�H[SODQDWLRQ�RI�WKH�SRVVHVVLRQ�RI�FHUWDLQ�SURSHU�
DFFLGHQWV��7KH�SUHVHQFH�RI�D�SURSHU�DFFLGHQW�WKDW�LV�D�di!erentia RI�RQH�RI�
WKH�WZR�VSHFLHV�ZRXOG�EH�H[SODLQHG�WZLFH�RYHU��RQFH�E\�GLUHFW�LPSOLFDWLRQ�
IURP�RQH�RI�WKH�specific QDWXUHV�RI�WKH�VXEVWDQWLDO�IRUP�DQG�LQ�DQRWKHU�
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ZD\�E\�FRQWLQJHQW�IDFWRUV�LQ�WKH�VXEVWDQFH
V�JHQHUDWLRQ�DQG�GHYHORSPHQW�
WKDW�UHVXOW�LQ�WKH�RUJDQLVP
V�GHIRUPDWLRQ�UHODWLYH�WR�WKH�RWKHU�VSHFLHV��7KH�
WUDQVLWLRQDO�RUJDQLVP
V�VXEVWDQWLDO�IRUP�ZRXOG�KDYH�D�QDWXUDO�GLVSRVLWLRQ�
WRZDUG�ERWK�FRQWUDU\�di!erentiae. 7KLV�ZRXOG�EH�DQ�XQXVXDO�VLWXDWLRQ�EXW��
QRW�DQ�LPSRVVLEOH�RQH��
$OWHUQDWLYHO\��HYHQ�LI�LW�ZHUH�WUXH�WKDW�HDFK�RUJDQLVP�PXVW�EHORQJ�WR�D�

XQLTXH�VSHFLHV��WKLV�ZRXOG�QRW�FUHDWH�DQ�LQVXSHUDEOH�SUREOHP�IRU�UHFRQFLO�
LQJ�$ULVWRWOH�DQG�HYROXWLRQ��:H�FRXOG�VXSSRVH�WKDW�WUDQVLWLRQDO�SRSXOD�
WLRQV�FRQVLVW�RI�D�PL[WXUH�RI�WZR�VSHFLHV��ZLWK�PHPEHUV�RI�HDFK�VSHFLHV�
DEOH�WR�PDWH�ZLWK�WKH�RWKHU��DQG�ZLWK�o!spring RI�ERWK�VSHFLHV�SRVVLEOH�
IURP�D�VLQJOH�SDLU�RI�SDUHQWV�����7KH�FRH[LVWHQFH�RI�GLVWLQFW�VSHFLHV�ZRXOG�
reflect WKH�IDFW�WKDW�WKH�SRSXODWLRQ�VWDQGV�RQ�D�ERUGHUOLQH�EHWZHHQ�WZR��
FRPSHWLQJ�H[SODQDWRU\�VFKHPHV��6RPH�RUJDQLVPV�ZLOO�IDOO�RQ�RQH�VLGH�RI�
WKH�ERXQGDU\�RU�WKH�RWKHU��GXH�WR�LWV�SDUWLFXODU�FRQfiguration RI�DFFLGHQWV��
(YHQWXDOO\��VHOHFWLYH�SUHVVXUHV�FRXOG�HOLPLQDWH�WKH�UHSUHVHQWDWLRQ�LQ�WKH�

SRSXODWLRQ�RI�WKH�ROGHU�VSHFLHV��FRPSOHWLQJ�WKH�RULJLQ�RI�D�QHZ�VSHFLHV���
ZKLFK�ZRXOG�HYHQWXDOO\�EHFRPH�UHSURGXFWLYHO\�LVRODWHG��7KH�$ULVWRWHOLDQ�
FRQFHSW�RI�VSHFLHV�ZRXOG�QRW�SHUIHFWO\�FRLQFLGH�ZLWK�PRGHUQ�ELRORJLFDO��
XVHV�LQ�HYROXWLRQDU\�VHWWLQJV��EXW�WKH�FRUUHVSRQGHQFH�ZRXOG�LQ�JHQHUDO�EH�
TXLWH�FORVH��

7. Conclusion 

$ULVWRWHOLDQ�SOXUDOLVP�FDUYHV�D�PLGGOH�SDWK�EHWZHHQ�DWRPLVP�DQG�FRVPLF�
PRQLVP��VHFXULQJ�D�IRXQGDWLRQ�IRU�WKH�PDQLIHVW� LPDJH�RI�KXPDQ�OLIH���
,W�DFNQRZOHGJHV�WKH�KRPHOLQHVV�RI�WKH�ZRUOG�q�D�SODFH�LQ�ZKLFK�KXPDQ�
IUHHGRP��DJHQF\��DQG�NQRZOHGJH�FDQ�H[LVW�ZLWKRXW�WKUHDW�RI�QLKLOLVP�RU�
FRUURVLYH�VNHSWLFLVP��0RGHUQ�VFLHQFH�VHHPHG�WR�WKUHDWHQ�WKLV�ZRUOG�ZLWK�
D�XQLYHUVDO�DFLG�RI�DWRPLVWLF�UHGXFWLRQLVP��EXW�WKH�LPSOLFDWLRQV�RI�WKH��
TXDQWXP�UHYROXWLRQ�HQDEOH�XV�WR�VHW�WKH�ZRUOG�ULJKW�DJDLQ��

Notes 
���� 6HH�� IRU�H[DPSOH��/HZLV� �������FKDSWHU�����3ODQWLQJD��������FKDSWHU�������

.RRQV������������F���DQG�6WHZDUG���������
���� ,� VLGH�KHUH�ZLWK�7KRPDV�$TXLQDV� �DQG�� ,�EHOLHYH��ZLWK�$ULVWRWOH�KLPVHOI���

LQ�a"rming WKH�kXQLFLW\y�RI�VXEVWDQWLDO�IRUP��WKDW�LV��WKH�WKHVLV�WKDW�HYHU\��
VXEVWDQFH�KDV�D�VLQJOH�VXEVWDQWLDO�IRUP��6RPH�FRQWHPSRUDU\�WKHRULVWV��H�J���
-DZRUNVL�������VLGH�LQVWHDG�ZLWK�6FRWXV�DQG�PRVW�ODWHU�VFKRODVWLF�SKLORVR�
SKHUV�LQ�DOORZLQJ�IRU�PXOWLSOH�VXEVWDQWLDO�IRUPV��7KH\�IDFH�ZKDW�,�WDNH�WR�EH�
D�GHFLVLYH�REMHFWLRQ��LI�WKH�VXEVWDQWLDO�IRUP�LV�WKDW�E\�ZKLFK�HYHU\WKLQJ�LQ�WKH�
VXEVWDQFH��ERWK�PDWHULDO�SDUWV�DQG�DFFLGHQWV��UHFHLYH�WKHLU�DFWXDO�H[LVWHQFH��
WKHQ�PXOWLSOH�VXEVWDQWLDO�IRUPV�ZRXOG�LQWURGXFH�DQ�XQDFFHSWDEOH�IRUP�RU��
RYHUGHWHUPLQDWLRQ�RU�UHGXQGDQF\�LQ�QDWXUH��

���� 0\�YLHZV�DERXW�WKH�UROH�RI�PDWWHU�KDYH�FKDQJHG�significantly IURP�P\�������
SDSHU��.RRQV��������,�QRZ�WKLQN�WKDW�PDWWHU
V�UROH�DV�DQ�HQGXULQJ�VXEVWUDWH��
WKURXJK�FKDQJH��HPSKDVL]HG�LQ�$ULVWRWOH
V�3K\VLFV��LV�VHFRQGDU\�WR�LWV�PRUH��
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FHQWUDO�UROH�DV�LQGLYLGXDWRU��,�QRZ�WKLQN�RI�WKH�SHUVLVWHQFH�RI�PDWWHU�WKURXJK�
VXEVWDQWLDO�FKDQJH�DV�QRQ�IXQGDPHQWDO��DV�WKH�SHUVLVWHQFH�RI�D�NLQG�RI�HQV�VXF�
FHVVLYXP��D�VHULHV�RI�IXQGDPHQWDOO\�GLVWLQFW��WLPH�ERXQG�HQWLWLHV�WKDW�DUH�WLHG�
WRJHWKHU�LQWR�D�NLQG�RI�FDXVDO�VHTXHQFH���7KXV��,�KDYH�PRYHG�VRPHZKDW�LQ�WKH�
GLUHFWLRQ�RI�6FDOWVDV��������DQG�0DUPRGRUR���������+RZHYHU��XQOLNH�6FDOWVDV�
DQG�0DUPRGRUR��,�VWLOO�EHOLHYH�WKDW�WKHUH�DUH�UHDO�DQG�QRW�PHUHO\�FRQFHSWXDO�
GLVWLQFWLRQV�DPRQJ�D�VXEVWDQFH��LWV�IRUP��DQG�LWV�PDWWHU��7KH�WKUHH�PXVW�EH�
UHDOO\�GLVWLQFW�LQ�RUGHU�WR�SOD\�WKUHH�GLVWLQFW�H[SODQDWRU\�UROHV�LQ�PHWDSK\VLFV��

��� ,Q�WKH�*5:P�RQWRORJ\��SDUFHOV�RI�PDWHULDO�kJXQNy�GR�KDYH�definite ORFD�
WLRQV��EXW�SDUWLFOHV�DUH�QRW�SDUW�RI�WKH�IXQGDPHQWDO�RQWRORJ\��

��� 7KH�'URVVHO�(OOLV�DFFRXQW��OLNH�*5:��LQYROYHV�REMHFWLYH�TXDQWXP�FROODSVHV��
EXW�LQ�WKHLU�DFFRXQW�WKH�FROODSVHV�DUH�SUHFLSLWDWHG�LQ�D�WRS�GRZQ�IDVKLRQ�E\�
WKHUPDO�SURSHUWLHV�RI�WKH�V\VWHP��

��� 7R�EH�DEVROXWHO\�FRPSOHWH��,�ZRXOG�KDYH�WR�DGG�KHDSV�RI�JURXSV�DQG�JURXSV�
RI�JURXSV�WR�WKH�OLVW��

��� 7KHVH�ZHUH�SUHVVHG�DW�DQ�$PHULFDQ�&DWKROLF�3KLORVRSKLFDO�$VVRFLDWLRQ�PHHW�
LQJ�LQ������E\�SK\VLFLVW�6WHSKHQ�%DUU��

��� ,V�WKH�H[LVWHQFH�RI�VKDUS�ERXQGDULHV�DQ�RQWRORJLFDO�RU�PHUHO\�DQ�HSLVWHPRORJL�
FDO�FRQGLWLRQ"�7KDW�LV��FRXOG�WKHUH�EH�WZR�WKHUPDO�VXEVWDQFHV�LQ�FRQWDFW�ZLWK�
HDFK�RWKHU��ZKHUH�WKH�ERXQGDU\�LQ�VSDFH��RU�WLPH��LV�PHUHO\�D�PHWDSK\VLFDO�
ERXQGDU\�EXW�QRW�D�SK\VLFDO�RU�FKHPLFDO�GLVFRQWLQXLW\"�,I�VXFK�ZHUH�SRVVLEOH��
LW�ZRXOG�EH�di"cult IRU�XV�WR�GHWHFW�WKH�H[LVWHQFH�RI�WZR�DGMRLQLQJ�WKHUPDO�
VXEVWDQFHV��DV�RSSRVHG�WR�D�VLQJOH�RQH��3HUKDSV�ZH�FRXOG�XVH�IDFWV�DERXW�WKH�
SDVW�RU�IXWXUH�KLVWRU\�RI�WKH�VXEVWDQFHV�WR�PDNH�WKH�GLVWLQFWLRQ��UHO\LQJ�RQ�
HPSLULFDO�ODZV�RI�WKH�JHQHUDWLRQ�DQG�FRUUXSWLRQ�RI�WKHUPDO�VXEVWDQFHV��

��� $OWKRXJK�SURSULD�DUH�IXOO\�H[SODLQHG�E\�D�VXEVWDQFH
V�HVVHQFH��LW�LV�SRVVLEOH�
IRU�D�VXEVWDQFH�WR�ODFN�RQH�RI�LWV�SURSULD��WKURXJK�JHQHWLF�GHIHFW�RU�LQMXU\��
%HLQJ�ELSHGDO�LV�D�SURSULXP�RI�KXPDQ�QDWXUH��EXW�QRW�DOO�KXPDQ�EHLQJV�KDYH�
WZR�OHJV�LQ�IDFW��

���� ,W�LV�LPSRUWDQW�WR�QRWH�WKDW�PHWDSK\VLFDO�VSHFLHV�GR�QRW�QHFHVVDULO\�FRUUHVSRQG�
RQH�WR�RQH�ZLWK�ZKDW�ELRORJLVWV�PHDQ�E\�kVSHFLHVy��%LRORJLVWV�XVH�D�QXPEHU�
RI�FULWHULD�WR�GLVWLQJXLVK�RQH�VSHFLHV�IURP�DQRWKHU��DQG�QRQH�RI�WKHVH�FULWHULD�
ZLOO�DOZD\V�FDUYH�QDWXUH�DW�WKH�MRLQWV��PHWDSK\VLFDOO\�VSHDNLQJ��1RQHWKHOHVV��
MXVW�DV�QHZ�VSHFLHV� LQ� WKH�YDULRXV�ELRORJLFDO� VHQVHV�DULVH�E\�GHVFHQW�ZLWK�
modification, the same must be true of metaphysical species. 
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EULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��
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&OLIWRQ��5REHUW�DQG�+DQV�+DOYRUVRQ���������k(QWDQJOHPHQW�DQG�RSHQ�V\VWHPV�LQ�
DOJHEUDLF�TXDQWXP�field WKHRU\�y�6WXGLHV�LQ�+LVWRU\�DQG�3KLORVRSK\�RI�0RGHUQ�
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FDO�PHFKDQLFV�y�$PHULFDQ�-RXUQDO�RI�3K\VLFV����������q�����
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'URVVHO��%DUEDUD���������k2Q�WKH�UHODWLRQ�EHWZHHQ�WKH�VHFRQG�ODZ�RI�WKHUPRG\�
QDPLFV�DQG�FODVVLFDO�DQG�TXDQWXP�PHFKDQLFV�y� LQ�:K\�0RUH� ,V�Di"erent: 
3KLORVRSKLFDO�,VVXHV�LQ�&RQGHQVHG�0DWWHU�3K\VLFV�DQG�&RPSOH[�6\VWHPV��%��
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V�SULQFLSOH�DQG�VSRQWDQHRXV�V\PPHWU\�EUHDNLQJ�y�
,QWHUQDWLRQDO�6WXGLHV�LQ�3KLORVRSK\�RI�6FLHQFH�������q�����

(OOLV��*HRUJH�)��5��DQG�%DUEDUD�'URVVHO���������k&RQWH[WXDO�ZDYHIXQFWLRQ�FRO�
ODSVH��$Q�LQWHJUDWHG�WKHRU\�RI�TXDQWXP�PHDVXUHPHQW�y�1HZ�-RXUQDO�RI�3K\V�
LFV�������������

)HVHU��(GZDUG���������7KH�/DVW�6XSHUVWLWLRQ��$�5HIXWDWLRQ�RI�WKH�1HZ�$WKHLVP��
6RXWK�%HQG��,1��6W��$XJXVWLQH�3UHVV��

)UDVHU��'RUHHQ���������k7KH�IDWH�RI� CSDUWLFOHV
� LQ�TXDQWXP�field WKHRULHV�ZLWK�
LQWHUDFWLRQV�y� 6WXGLHV� LQ� +LVWRU\� DQG� 3KLORVRSK\� RI� 0RGHUQ� 3K\VLFV�
������q�����

*LEVRQ�� -�� -�� ��������7KH�(FRORJLFDO�$SSURDFK� WR�9LVXDO�3HUFHSWLRQ��%RVWRQ��
Houghton-Mi#in. 

+HQGU\��5RELQ�)LQGOD\���������k(PHUJHQFH�YV��UHGXFWLRQ�LQ�FKHPLVWU\�y�LQ�(PHU�
JHQFH�LQ�0LQG��&\QWKLD�0DF'RQDOG�DQG�*UDKDP�0DF'RQDOG��HGV���2[IRUG��
2[IRUG�8QLYHUVLW\�3UHVV��SS�ǹ���q�����

,QPDQ��5RVV�'����������6XEVWDQFH�DQG�WKH�)DPLOLDULW\�RI�WKH�)DPLOLDU��$�1HR�
$ULVWRWHOLDQ�0HUHRORJ\��1HZ�<RUN��5RXWOHGJH��

-DZRUVNL��:LOOLDP���������6WUXFWXUH�DQG�WKH�0HWDSK\VLFV�RI�0LQG��+RZ�+\OR�
PRUSKLVP�6ROYHV�WKH�0LQG�%RG\�3UREOHP��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��

.RRQV��5REHUW�&����������k6WDXQFK�YV��IDLQW�KHDUWHG�K\ORPRUSKLVP��7RZDUG�DQ�
$ULVWRWHOLDQ�DFFRXQW�RI�FRPSRVLWLRQ�y�5HV�3KLORVRSKLFD������������q����

������������k7KH�HSLVWHPRORJLFDO�DQG�RQWRORJLFDO�VXSHULRULW\�RI�K\ORPRU�
SKLVP�y�6\QWKHVH�KWWSV���GRL�RUJ���������V�������������������������

���� �����D��� k+\ORPRUSKLF� HVFDODWLRQ�� $� K\ORPRUSKLF� LQWHUSUHWDWLRQ� RI�
TXDQWXP�WKHUPRG\QDPLFV�DQG�FKHPLVWU\�y�$PHULFDQ�&DWKROLF�3KLORVRSKLFDO�
4XDUWHUO\�������q����

���������E���k)RUPV�DV�VLPSOH�DQG�LQGLYLGXDO�JURXQGV�RI�WKLQJV
�QDWXUHV�y�
0HWDSK\VLFV�������q����KWWSV���GRL�RUJ���������PHW����

���������F���k7KH�DUJXPHQW�IURP�LQWXLWLRQ�y�LQ�7ZR�'R]HQ��RU�6R��$UJX�
PHQWV�IRU�*RG��7KH�3ODQWLQJD�3URMHFW��7UHQW�'RXJKHUW\�DQG�-HUU\�:DOOV��HGV���
2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��SS�ǹ���q�����

���������D���k7KHUPDO�VXEVWDQFHV��$�1HR�$ULVWRWHOLDQ�RQWRORJ\�IRU�WKH�TXDQWXP�
ZRUOG�y�6\QWKHVH���������q������KWWSV���GRL�RUJ���������V�������������������
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���������E���k+\ORPRUSKLVP�DQG�RXU�NQRZOHGJH�RI�YDOXH�y�LQ�%HLQJ��*RRG�
QHVV��DQG�7UXWK��3URFHHGLQJV�RI�WKH�6RFLHW\�IRU�0HGLHYDO�/RJLF�DQG�0HWDSK\V�
LFV��YROXPH�����$OH[�+DOO�� HG���1HZFDVWOH�XSRQ�7\QH��&DPEULGJH�6FKRODUV�
3XEOLVKLQJ��SS�ǹ��q����

BBBBBB���������k5HPQDQWV�RI�VXEVWDQFHV��$�QHR�$ULVWRWHOLDQ�UHVROXWLRQ�RI�WKH�
SX]]OHV�y�4XDHVWLRQHV�'LVSXWDWDH���������q����

������������k3RZHUV�RQWRORJ\�DQG�WKH�TXDQWXP�UHYROXWLRQ�y�(XURSHDQ�-RXU�
QDO�IRU�3KLORVRSK\�RI�6FLHQFH��������q����

.RRQV��5REHUW�&��DQG�3UXVV��$OH[DQGHU�5����������k0XVW�D�IXQFWLRQDOLVW�EH�DQ�
$ULVWRWHOLDQ"�y�LQ�&DXVDO�3RZHUV��-RQDWKDQ�'��-DFREV��HG���2[IRUG��2[IRUG�
8QLYHUVLW\�3UHVV��SS�ǹ���q�����

/DXJKOLQ��5REHUW�%����������$�Di"erent 8QLYHUVH��5HLQYHQWLQJ�3K\VLFV�IURP�WKH�
%RWWRP�'RZQ��&DPEULGJH��0$��%DVLF�%RRNV��

/HH��3DWULFN�DQG�5REHUW�3��*HRUJH���������%RG\�6HOI�'XDOLVP�LQ�&RQWHPSRUDU\�
(WKLFV�DQG�3ROLWLFV��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��

/HYLQH��-����������3XUSOH�+D]H��7KH�3X]]OH�RI�&RQVFLRXV�([SHULHQFH��&DPEULGJH��
0$��0,7�3UHVV��

/HZLV��&��6����������0LUDFOHV��$�3UHOLPLQDU\�6WXG\��/RQGRQ��&HQWHQDU\�3UHVV��
/LX��&KXDQJ���������k([SODLQLQJ�WKH�HPHUJHQFH�RI�FRRSHUDWLYH�SKHQRPHQD�y�3KL�
ORVRSK\�RI�6FLHQFH����3URFHHGLQJV��6��q6�����

/RZH��(��-����������k7KH�SUREOHP�RI�SV\FKRSK\VLFDO�FDXVDWLRQ�y�$XVWUDODVLDQ�
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