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ORVRSK\�RI� VFLHQFH�� WKH�GLUHFWLRQ�ZKLFK�GHDOV�ZLWK� WKH� UHODWLRQ�RI�GDWD� WR�SKHQRPHQD�
ZLWK�WKH�GLUHFWLRQ�ZKLFK�GHDOV�ZLWK�WKH�NQRZOHGJH�DERXW�PHFKDQLVP�DQG� LWV�HPSOR\�
PHQW�LQ�VFLHQWLILF�WKLQNLQJ��,W�DLPV�DOVR�DW�D�UHFRQVWUXFWLRQ�RI�WKH�GHYHORSPHQW�RI�VFLHQ�
WLILF� NQRZOHGJH� ZKLFK� LV� FKDUDFWHUL]HG� LQ� FRQWHPSRUDU\� SKLORVRSK\� RI� VFLHQFH� DV��
D�PRYHPHQW� IURP�GDWD�� YLD� SKHQRPHQD�� WR�PHFKDQLVPV��$Q� DWWHPSW�ZLOO� EH�PDGH� WR�
VKRZ�WKDW� WKLV� LQ� IDFW� DPRXQWV� WR�DQ�DVVLJQPHQW�RI�SKLORVRSKLFDO� FDWHJRULHV� OLNH�GDWD��
SKHQRPHQD��PHFKDQLVP��HWF��7KLV�XQLILFDWLRQ�DQG�UHFRQVWUXFWLRQ�GUDZV�DOVR�RQ�WKH�UH�
FRQVWUXFWLRQ�RI� WKH�PDLQ� VWDJHV� RI� WKH� GHYHORSPHQW� RI� NQRZOHGJH� OHDGLQJ� IURP�$��-��
�QJVWU¸PV�PHDVXUHPHQW�RI�WKH�ZDYH�OHQJWKV�RI�VSHFWUDO� OLQHV�RI�K\GURJHQ�LQ������WR�
1��%RKUV�WKHRU\�RI�WKH�K\GURJHQ�DWRP�SURSRVHG�LQ��������

.(<:25'6:�%RKUV�K\GURJHQ�DWRP��GDWD��ODZV�RI�SKHQRPHQD��PHFKDQLVPV��SKH�
QRPHQD��

1. Introduction 

������������������������������������������������������
��� 7KLV�SDSHU�ZDV�ZULWWHQ�ZLWK�WKH�VXSSRUW�RI�WKH�JUDQW�9(*$��QXPEHU�9�������������
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VHPLQDO�ZRUNV�RI� -��%RJHQ� DQG� -��:RRGZDUG� WR�GHDO�ZLWK� WKH� UHODWLRQ�RI�
GDWD� WR� SKHQRPHQD� DQG� E�� WKH� GLUHFWLRQ� ZKLFK� XWLOL]HV� KHUH� WKH� DUWLFOH�
0DFKDPHU� � 'DUGHQ� � &UDYHU� ������� WR� GHDO� ZLWK� WKH� NQRZOHGJH� DERXW�
PHFKDQLVP�DQG�LWV�HPSOR\PHQW�LQ�VFLHQWLILF�WKLQNLQJ��7KLV�XQLILFDWLRQ�DLPV�
WR� GHOLQHDWH� WKH� PDLQ� VWDJHV� RI� WKH� GHYHORSPHQW� DQG� JURZWK� RI� VFLHQWLILF�
NQRZOHGJH�YLD�WKLQNLQJ�DQG�VKDOO�GUDZ�RQ�WKH�UHVXOWV�DFKLHYHG�LQ�WKH�IUDPH�
ZRUN�RI�SKLORVRSK\�RI�VFLHQFH�LQ�WKH�ODVW����\HDUV�RU�VR��DV�ZHOO�DV�RQ�WKH�UH�
FRQVWUXFWLRQ�RI� WKH�PDLQ�VWDJHV�RI�GHYHORSPHQW�RI�NQRZOHGJH� OHDGLQJ� IURP�
$��-���QJVWU¸PV�PHDVXUHPHQW�RI�WKH�ZDYHOHQJWKV�RI�WKH�VSHFWUDO�OLQHV�RI�K\�
GURJHQ�LQ������WR�1��%RKUV�WKHRU\�RI�WKH�K\GURJHQ�DWRP�LQ�SURSRVHG�������
� 7KH� VHFRQG�DLP�� ORFDWHG�DW�D� �؉PHWD؈ OHYHO�� LV� WR� VKRZ�WKDW� WKH� UHFRQ�
VWUXFWLRQ�RI� WKH�GHYHORSPHQW�RI� VFLHQWLILF�NQRZOHGJH� �ZKLFK� LV� FKDUDFWHU�
L]HG� LQ�FRQWHPSRUDU\�SKLORVRSK\�RI� VFLHQFH�DV�D�PRYHPHQW� IURP�GDWD��YLD�
SKHQRPHQD��WR�PHFKDQLVPV��LQ�IDFW�DPRXQWV�WR�DQ�DVVLJQPHQW�RI�SKLORVR�
SKLFDO� FDWHJRULHV� �H�J���data��phenomena��mechanism�� HWF��� WR� WKH� UHVSHFWLYH�
VWDJHV�RI�WKLV�GHYHORSPHQW��)URP�WKLV؈�PHWD؉�SRLQW�RI�YLHZ�LW�ZLOO�EHFRPH�
REYLRXV�WKDW�RXU�FKRLFH�RI�WKH�DERYH�JLYHQ�HSLVRGH�LQ�WKH�KLVWRU\�RI�SK\VLFV�
FDQ�FRQWULEXWH�WR�WKH�H[SOLFDWLRQ�RI�WKHVH�FDWHJRULHV��DQG�DW�WKH�VDPH�WLPH��
E\�EULQJLQJ�LQ�DGGLWLRQDO�FDWHJRULHV��VHUYH�WR�EURDGHQ�WKH�QHWZRUN�RI�FDWH�
JRULHV�E\�PHDQV�RI�ZKLFK�SKLORVRSK\�RI�VFLHQFH�DSSURDFKHV�DQG�UHIOHFWV�WKH�
QDWXUDO�VFLHQFHV��7KH�FDWHJRULHV�WKDW�ZH�ZLOO�LQWURGXFH�LQ�DGGLWLRQ�WR�WKRVH�
XVHG� LQ� WKH�PRUH� UHFHQW� SKLORVRSK\� RI� VFLHQFH� OLWHUDWXUH� �H�J��� GDWD�� SKH�
QRPHQD��DQG�PHFKDQLVP��DUH�DV�IROORZV��phenomena as derived from the law 
of phenomena��WKH�ODWWHU�EHLQJ�GHULYHG�IURP�WKH�NQRZOHGJH�RI�DQG�E\�WKLQN�
LQJ�DERXW�D�PHFKDQLVP��DQG�ZKHUH�WKHVH�SKHQRPHQD�DQG�ODZV�RI�SKHQRP�
HQD�KDYH�D�GLIIHUHQW�HSLVWHPRORJLFDO�VWDWXV�DV�FRPSDUHG�WR�WKRVH�phenomena 
derived from data�� DQG� IURP� laws of phenomena derived� IURP� WKHVH� ODWWHU�
SKHQRPHQD��:LWK� UHVSHFW� WR� WKH� FDWHJRU\�PHFKDQLVP�ZH�ZLOO� DOVR� LQWUR�
GXFH�WKH�DGGLWLRQDO�FDWHJRU\�SDLUV�ground�grounded�DQG�reason�reasoned��

2. J. Bogen, J. Woodward and P. Machamer on data,  
phenomena, and mechanisms 

� -��%RJHQ�DQG�-��:RRGZDUG�LQ�WKHLU�VHPLQDO�ZRUNV�FULWLFL]H؈�WKRVH�ZKR�
KROG�WKDW�VFLHQWLILF�WKHRULHV�H[SODLQ�ZKDW�ZH�REVHUYH�DQG�ZKR�WKHQ�JR�RQ�
WR� WLH� WKH� UHOHYDQW�QRWLRQ�RI�REVHUYDWLRQ� UDWKHU� FORVHO\� WR� VHQVRU\�SHUFHS�
WLRQ؉� �%RJHQ� �RRGZDUG:� ������ ������ ,Q� RSSRVLWLRQ� WR� WKRVH� ZKR� DS�
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SURDFK�VFLHQWLILF�WKHRULHV�DQG�H[SODQDWLRQV�LQ�WKLV�ZD\��WKH\�SURSRVH�D�GLI�
IHUHQWLDWLRQ�EHWZHHQ�WKH�FDWHJRU\�data�DQG�WKH�FDWHJRU\�phenomena�DV�IRO�
ORZV�������������������

'DWD�ؒ�SOD\� WKH� UROH� RI� HYLGHQFH� IRU� WKH� H[LVWHQFH�RI�SKHQRPHQD�� IRU�
WKH�PRVW�SDUW�>WKH\@�FDQ�EH�VWUDLJKWIRUZDUGO\�REVHUYHG��+RZHYHU��GDWD�
W\SLFDOO\� FDQQRW�EH�SUHGLFWHG�RU� V\VWHPDWLFDOO\� H[SODLQHG�E\� WKHRU\��%\�
FRQWUDVW��ZHOO�GHYHORSHG�VFLHQWLILF� WKHRULHV�GR�SUHGLFW�DQG�H[SODLQ� IDFWV�
DERXW� SKHQRPHQD�� 3KHQRPHQD� DUH� GHWHFWHG� WKURXJK� WKH� XVH� RI� GDWD��
EXW� LQ� PRVW� FDVHV� DUH� QRW� REVHUYDEOH� LQ� DQ\� LQWHUHVWLQJ� VHQVH� RI� WKH�
WHUP�

������������������������������������������������������
��� 7KLV�FODLP�ZDV�UHFHQWO\�UHVWDWHG�DV�IROORZV��SKHQRPHQD�QHHG�QRW�EH�REVHUYDEOH�ؒ؈�
DVNLQJ�ZKHWKHU�SKHQRPHQD�DUH�REVHUYDEOH�LV�RIWHQ�QRW�WKH�ULJKW�TXHVWLRQ�WR�XQGHUVWDQG�
KRZ�ؒ�UHDVRQLQJ�ZRUNV��7KLV�LV�EHFDXVH�WKH�UHOLDELOLW\�RI�ؒ�UHDVRQLQJ�RIWHQ�KDV�OLWWOH�WR�
GR�ZLWK�KRZ�KXPDQ�SHUFHSWLRQ�ZRUNV؉��:RRGZDUG�������������

�ؒ�)DFWV�DERXW�SKHQRPHQD�ؒ�DUH�HYLGHQFH�IRU�WKH�KLJK�OHYHO�JHQ�
HUDO�WKHRULHV�E\�ZKLFK�WKH\�DUH�H[SODLQHG��

6R��LQ�WKHLU�YLHZ��ZKLOH�FODLPV�DERXW�GDWD�VHUYH�DV�HYLGHQFH�IRU�FODLPV��IDFWV��
DERXW� SKHQRPHQD�� FODLPV� DERXW� SKHQRPHQD� VHUYH� DV� HYLGHQFH� RQO\� IRU�
FODLPV� ZKLFK� DUH� DOUHDG\� SDUW� RI� JHQHUDO� WKHRULHV� H[SODLQLQJ�SUHGLFWLQJ�
FODLPV�DERXW�SKHQRPHQD�EXW�QRW�DERXW�GDWD��6WDWHG�LQ�D�PRUH�JHQHUDO�ZD\��
�ZH�QHHG؈ WR�GLVWLQJXLVK�ZKDW� WKHRULHV� H[SODLQ� �SKHQRPHQD�RU� IDFWV� DERXW�
SKHQRPHQD�� IURP� ZKDW� LV� XQFRQWURYHUVLDOO\� REVHUYDEOH� �GDWD�؉� �%RJHQ� �
:RRGZDUG�������������'DWD�FDQ�DOVR�EH�VXEMHFWHG�WR�H[SODQDWLRQV��EXW�EH�
FDXVH� WKH\� DUH� SURGXFHG� E\� LUUHJXODU� FRLQFLGHQFHV� RI� P\ULDG� SDUWLFXODU�
FDXVHV��VXFK�H[SODQDWLRQV��

ZKHQ�WKH\�FDQ�EH�JLYHQ�DW�DOO��ZLOO�EH�KLJKO\�FRPSOH[�DQG�FORVHO\�WLHG�WR�
WKH� GHWDLOV� RI� SDUWLFXODU� H[SHULPHQWDO� DUUDQJHPHQWV�ؒ�7KXV�� H[SODQD�
WLRQV�RI�GDWD�ZLOO�RIWHQ�ODFN�JHQHUDOLW\�ؒ�0RUHRYHU��WKH�IDFWRUV�LQYROYHG�
LQ� WKH�SURGXFWLRQ�RI� DQ\�JLYHQ�ELW�RI�GDWD�PD\�EH� VR�GLVSDUDWH� DQG� VR�
QXPHURXV��DQG�WKHLU�FR�RFFXUUHQFH�VR�UDUH��WKDW�WKH�GHWDLOV�RI�WKHLU�LQ�
WHUDFWLRQ�PD\�EH�ERWK�HSLVWHPLFDOO\� LQDFFHVVLEOH�DQG�GLIILFXOW� WR�PRGHO�
WKHRUHWLFDOO\��([KLELWLRQV�RI�GHSHQGHQF\�UHODWLRQV�RI�WKH�VRUW�WKDW�ZRXOG�
EH� DFKLHYHG� E\� H[SOLFLW� GHULYDWLRQV� RU� WKH� WUDFLQJ� RI� VSHFLILF� FDXVDO�
PHFKDQLVPV� PD\� SURYH� LPSRVVLEOH� EHFDXVH� RI� FRPSXWDWLRQDO� LQWUDF�
WDELOLWLHV���%RJHQ��:RRGZDUG������������
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)RU�WKH�UHODWLRQ�RI�GDWD�WR�SKHQRPHQD�LW�KROGV�WKDW�WKH� ODWWHU�DUH�GHULYHG�
IURP�WKH�IRUPHU��

7KH�SUREOHP�RI�GHWHFWLQJ�D�SKHQRPHQRQ�LV�WKH�SUREOHP�RI�LGHQWLI\LQJ�
D�VLJQDO�LQ�D�VHD�RI�QRLVH��RI�LGHQWLI\LQJ�D�UHODWLYHO\�VWDEOH�DQG�LQYDULDQW�
SDWWHUQ�RI�VRPH�VLPSOLFLW\�DQG�JHQHUDOLW\�ZLWK�WKH�UHFXUUHQW�IHDWXUHV���
D�SDWWHUQ�ZKLFK�LV�QRW�MXVW�DQ�DUWLIDFW�RI�WKH�SDUWLFXODU�GHWHFWLRQ�WHFK�
QLTXH� ZH� HPSOR\� RU� WKH� ORFDO� HQYLURQPHQW� LQ� ZKLFK� ZH� RSHUDWH��
�:RRGZDUG����������������

� %RJHQ�DQG�:RRGZDUG�DOVR�H[SODLQ��DV�DOUHDG\� VWDWHG�DERYH�� WKH�GLIIHU�
HQFH�EHWZHHQ�WKH�FDWHJRU\�phenomena�DQG�WKH�FDWHJRU\�data�LQ�WHUPV�RI�WKH�
FDWHJRU\� observation��:KLOH� WKH� IRUPHU� QHHG� QRW� EH� REVHUYDEOH�� WKH� ODWWHU�
FDQ�XVXDOO\�EH�GLUHFWO\�REVHUYHG�LQ�WKH�IROORZLQJ�VHQVH���

'DWD�DUH�records�RU reports��DFFHVVLEOH�WR�WKH�KXPDQ�SHUFHSWXDO�V\VWHP�
DQG� DYDLODEOH� IRU� SXEOLF� LQVSHFWLRQ�� 6RPH� GDWD� �H�J��� UHSRUWV� RI�PHDV�
XUHPHQW�UHVXOWV�ZULWWHQ�LQ�ODERUDWRU\�QRWHERRNV��RU�WKH�GUDZLQJV�RI�WKH�
ILHOG� JHRORJLVWV�� DUH� SURGXFHG� E\� KXPDQ� SHUFHLYHUV��%XW�ؒ�PDQ\� GDWD�
DUH�SURGXFHG�E\�QRQKXPDQ�PHDVXUHPHQW�DQG�UHFRUGLQJ�GHYLFHV�ؒ�'DWD�
FRQVWLWXWH� REVHUYDWLRQDO� HYLGHQFH� WR� LQYHVWLJDWH� SKHQRPHQD�� �%RJHQ� �
:RRGZDUG������������

6R��IRU�H[DPSOH��WKH\�FODLP�WKDW�ZKHQ�PHDVXULQJ�WKH�WHPSHUDWXUH�DW�ZKLFK�
D�VDPSOH�RI�OHDG�PHOWV��WKH�YDOXH��WKH�GDWXP��RI�HDFK�WKHUPRPHWHU�UHDG�
LQJ� LV�REVHUYDEOH� �FI��%RJHQ��:RRGZDUG�������������7KH� IROORZLQJ�GLD�
JUDPPDWLF�VXPPDU\�RI�WKH�YLHZV�RI�%RJHQ�DQG�:RRGZDUG�FDQ�EH�JLYHQ��FI��
6FKLQGOHU�������������
 
 
 
 
 
 
 
 
 
 
 
 

Data (observable) 

Phenomena (unobservable) 

Theory 
QR�UHODWLRQ� �UHIHUV�WR�H[SODLQV�SUHGLFWV�

LQIHUHQFHV�

'LDJUDP����6��6FKLQGOHU�RQ�%RJHQV�DQG�:RRGZDUGV�YLHZV�RQ�
GDWD��SKHQRPHQD�DQG�WKHRU\�
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� :KDW� �؉\7KHRU؈ LQ� WKLV� GLDJUDP� VWDQGV� IRU� FDQ� EH� XQGHUVWRRG� LI� RQH�
WDNHV� LQWR� DFFRXQW� WKH� IDFW� WKDW� %RJHQ� DQG� :RRGZDUG� FKDUDFWHUL]H� WKH�
SURFHVV� RI� V\VWHPDWLF� H[SODQDWLRQ� WR� ZKLFK� FODLPV� DERXW� SKHQRPHQD� DUH�
VXEMHFWHG�DV؈�H[SODQDWLRQ�RI�DQ�RXWFRPH�GXH�WR�WKH�DVVHUWLRQV�RI�WKH�GHWDLOV�
RI�D�PHFKDQLVP؉��%RJHQ��:RRGZDUG�������������7KH�FDWHJRU\�RI�PHFKD�
QLVP� ZDV� GHOLQHDWHG� E\� PHDQV� RI� DGGLWLRQDO� FDWHJRULHV� H[SOLFDWHG� LQ�
0DFKDPHU��'DUGHQ��&UDYHU��������DQG�'DUGHQ���������,Q�0DFKDPHU��
'DUGHQ��&UDYHU��������RQH�FDQ�LGHQWLI\�WKH�IROORZLQJ�WULSOH�RI�FDWHJRULHV�
IDOOLQJ� XQGHU� WKH� FDWHJRU\�working of the mechanism�� start-up/set-up condi-
tions��intermediate activities��DQG�terminating activities��7KH�ILUVW�FDWHJRU\�LQ�
YROYHV� WKH� IROORZLQJ� VXERUGLQDWHG� FDWHJRULHV�� entities�� relevant properties of 
entities given at the beginning of the activities�� the mutual interactions of these 
entities�� entities and activities as mutually correlative�� the spatial distribution, 
orientation, and relations of the entities and activities��the temporal characteris-
tics of the activities��7R�WKH�FDWHJRU\� intermediate activities�DUH�VXERUGLQDWHG�
FDWHJRULHV� intervening entities and activities�� XQGHUVWRRG� DV� producers of new 
states in entities and/or of new entities and activities��7KH� WKLUG�FDWHJRU\� LQ�
YROYHV�FDWHJRULHV�endpoint of activities��parameters and state of the mechanism���
� 7KLV� WULSOH�RI� FDWHJRULHV�ZLWK� WKHLU� VXERUGLQDWHG� FDWHJRULHV��RQFH�XQL�
ILHG�ZLWK�WKH�VHW�RI�FDWHJRULHV�JLYHQ�E\�'DUGHQ��������������FDQ�EH�VXPPD�
UL]HG�LQ�7DEOH����

 

�

Main categories 

Components 
Spatial  

arrangement  
of components 

Temporal  
aspects  

of components 
Contextual 
locations 

Su
bo

rd
in

at
ed

  
Ca

te
go

rie
s 

VHW�XS�VWDUW�XS�
	�WHUPLQDWLQJ�
FRQGLWLRQV��
HQWLWLHV��
LQLWLDO�	��

LQWHUPHGLDWH�	�
WHUPLQDWLQJ�
DFWLYLWLHV��
PRGXOHV�

ORFDOL]DWLRQ�
VWUXFWXUH�
RULHQWDWLRQ�
FRQQHFWLYLW\�
FRPSDUWPHQ�
WDOL]DWLRQ�

RUGHU�
UDWH�

GXUDWLRQ�
IUHTXHQF\�

ORFDWLRQ�ZLWKLQ�
D�KLHUDUFK\�

ORFDWLRQ�ZLWKLQ�
D�VHULHV�

7DEOH����&DWHJRULHV�LQYROYHG�LQ�WKH�FDWHJRU\ mechanism�
������������������������������������������������������
��� 7KH� FDWHJRU\� module� VWDQGV� IRU� UHDVRQLQJ� DERXW� JURXSV� RI� FRPSRQHQWV� RI� WKH�
PHFKDQLVP���
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3. From Ångström to Bohr and “back” 

ϯ͘ϭ͘ From data to pŚĞŶŽŵĞŶĂ͗��͘-:͘��ŶŐƐƚƌƂŵ 

� :H�QRZ�VWDUW� WR�GHDO�ZLWK�D� OHYHO�RI� VFLHQWLILF�NQRZOHGJH�WR�ZKLFK�$��
6RPPHUIHOG�DVVLJQHG��LQ�D�EDFNZDUG�JODQFH��WKH�FDWHJRU\��ZKHQ�H[SUHVVHG�
LQ�*HUPDQ�DV�empirisches��6RPPHUIHOG�������������XQGHUVWRRG�LQ�(QJOLVK�DV�
empirical data��6RPPHUIHOG�������������
� �QJVWU¸PV� DLP�ZDV� WR� SURYLGH� D� GHWDLOHG� DWODV� RI� WKH� ZDYHOHQJWKV� RI�
VSHFWUDO� OLQHV�JLYHQ� LQ� VRODU� OLJKW��

Line 

� ,Q�KLV�H[SHULPHQWV�KH�XVHG� WZR�UHDG\�
PDGH�JUDWLQJV��QXPEHUHG� DV� �,�� DQG� �,,��� WKH� IRUPHU�ZLWK������ OLQHV�� WKH�
ODWWHU�ZLWK������OLQHV�HQJUDYHG�RQ�D�OHQJWK��GHFODUHG�E\�WKH�SURGXFHU�RI�WKH�
JUDWLQJV�DV�EHLQJ�HTXDO�WR���3DULV� OLQHV��7KH�EDVLF�HTXDWLRQ�XVHG�E\��QJ�
VWU¸P�IRU�WKH�FRPSXWDWLRQ�RI�WKH�ZDYHOHQJWK�̷�RI�WKH�SDUWLFXODU�OLQHV�ZDV��
̷� � e� y� VLQ͂� IRU� WKH� VSHFWUXP�RI� WKH� ILUVW�RUGHU�� IRU� LWV�1�WK�RUGHU�KROGV��
̷� �1 y�e�y�VLQ͂��ZKHUH�e�VWDQGV�IRU�WKH�ZLGWK�RI�WKH�JUDWLQJ�VSDFH�DQG�͂�IRU�
WKH� DQJOH� RI� GLIIUDFWLRQ� RI� WKH� OLJKW� ZDYHV�� WKH� ODWWHU� EHLQJ�PHDVXUHG� E\��
D�WKHRGROLWH��,Q�DGGLWLRQ��KH�PRGLILHG�WKHVH�HTXDWLRQV�LQ�RUGHU�WR�WDNH�LQWR�
DFFRXQW� WKH� YDULDWLRQ�RI� WHPSHUDWXUH� DQG�RULHQWDWLRQ�RI� WKH� JUDWLQJV�� DQG�
WKHQ�FRPSXWHG�WKH�GDWD�IRU�WKH�VSHFWUD��LQ�)UDXHQKRIHU�QRWDWLRQ��&��)�RI�
K\GURJHQ��7KH�UHVXOWLQJ�YDOXHV�ZHUH�DV�IROORZV���QJVWU¸P������������

1.  
spectrum 

in 10���mm 

Number of 
observations 

2.  
spectrum 

in 10�� mm 

Number of 
observations 

3.  
spectrum 

in 10�� mm 

Number of  
observations 

C �������� �� �������� �� �������� ��
F �������� �� �������� �� �������� ��

7DEOH����'DWD�IRU�WKH�VSHFWUDO�OLQHV�&�DQG�)�RI�K\GURJHQ��
FRPSXWHG�LQ��QJVWU¸P��������

� %DVHG�RQ�DOO� WKH�GDWD� IRU�JUDWLQJ��,���DV�ZHOO�DV�DOO� WKH�GDWD� IRU�JUDWLQJ�
�,,��� KH� WKHQ� FRPSXWHG� WKH�weighted arithmetic mean� YDOXHV� RI� WKH� ZDYH�
OHQJWKV�RI�WKH�VSHFWUDO�OLQHV�RI�VRODU�OLJKW��)RU�WKH�IRXU�OLQHV�RI�K\GURJHQ�&��
)��QHDU�*��DQG�K��LQ�WKH�PRUH�PRGHUQ�QRWDWLRQ�+̭��+̮��+̯��DQG�+̰�WR�

������������������������������������������������������
��� )RU�D�GHWDLOHG�DQDO\VLV�RI�KLV�H[SHULPHQWV�DQG�WKH�FRQFHSWXDO�EDVLV�RI�KLV�FRPSXWD�
WLRQV�VHH�/DQGDXHU��������������DQG�%DO\�����������������
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ZKLFK�ZH�ZLOO�KROG�IURP�QRZ�RQ��KH�REWDLQHG�WKH�IROORZLQJ�PHDQ�YDOXHV�
��QJVWU¸P����������������

Line Wavelength in 10�� mm 

+̭� ��������
+̮� ��������
+̯� ��������
+̰� ��������

7DEOH����$YHUDJH�ZDYHOHQJWKV�RI�WKH�VSHFWUDO�OLQHV�RI�K\GURJHQ��
FRPSXWHG�LQ��QJVWU¸P��������

� 7KHVH�YDOXHV�ZHUH�XVHG�E\�-��-��%DOPHU�LQ�KLV������IRUPXODWLRQ�RI�WKH�
ILUVW�WUXO\�XQLI\LQJ�IRUPXOD�IRU�WKH�ZDYHOHQJWKV�RI�WKH�VSHFWUDO�OLQHV�RI�K\�
GURJHQ���
� )URP�WKH�epistemological�SRLQW�RI�YLHZ�LW�KROGV�WKDW�LQ�KLV�thought�RSHUD�
WLRQV��QJVWU¸P�HPSOR\HG�WKH�VWDWLVWLFDO�DQDO\VLV�EDVHG�RQ�WKH�ZHLJKWHG�VWD�
WLVWLFDO�PHDQ��ZKLFK�HQDEOHG�KLP� WR�SDVV� LQ�PLQG� IURP�ZKDW�ZH� ODEHO�E\�
WKH�SKLORVRSKLFDO�FDWHJRU\�data�WR�ZKDW�FDQ�EH�ODEHOHG�E\�WKH�SKLORVRSKLFDO�
FDWHJRU\� phenomena�� 7KXV�� data� DV� D� SKLORVRSKLFDO� FDWHJRU\� VWDQG� LQ� RXU�
DSSURDFK�IRU�DQ�entity in mind�DQG�VLPXOWDQHRXVO\� IRU�a certain level of at-
tained knowledge about the world�� %RWK� DUH� LQIRUPDWLRQ� DERXW� RFFXUUHQFHV�
JLYHQ�WR�XV� LQ�RXU�SUDFWLFDO�RSHUDWLRQV� �PDQLSXODWLRQV��ZLWK� WKLQJV� LQ� WKH�
ZRUOG��occurrences in the world of things are thought in mind as data��
� ,Q�WKH�FDVH�RI�WKH�DERYH�JLYHQ�7DEOH����WKH�GDWD�IRU�VSHFWUD�VWDQG�IRU�WKH�
PHDQLQJ�RI�D�VHQWHQFH�OLNH7؈�KH�ZDYHOHQJWK�RI�WKH�OLQH�&��+̭��LQ�WKH��VW�
VSHFWUXP�RQ�JUDWLQJ��,��LV�����y���� PP؉��,Q�RXU�YLHZ��FRQWUDU\�WR�WKDW�RI�
%RJHQ�DQG�:RRGZDUG��WKH�PHDQLQJ�RI�VHQWHQFHV�RI�WKLV�W\SH�GRHV�QRW�UHIHU�
WR�VRPHWKLQJ�REVHUYDEOH�LQ�WKH�ZRUOG��RU��VWDWHG�LQ�PRUH�JHQHUDO�FDWHJRULHV��
WR�VRPHWKLQJ�DFFHVVLEOH� WR�KXPDQ�VHQVRU\�SHUFHSWLRQ��Occurrences as states 
of affairs in the world in the range of 10-7 mm are not perceptible� DQG�� RI�
FRXUVH��WKH�very meaning, in the sense of information, stated in a sentence like 
the one given above, is not perceptible either�� 6R�� LQ�RXU� UHFRQVWUXFWLRQ�KHUH�
data do not refer to perceptible state of affairs��DQG�so neither do phenomena de-
rived from them�� ,Q� IDFW�� WKH�PHDQLQJ�RI� D� VWDWHPHQW� LV�QHYHU�SHUFHSWLEOH��
VLQFH�PHDQLQJV�DV�LQIRUPDWLRQ�FDQ�RQO\�EH�WKRXJKW�RI�EHFDXVH�WKH\�DUH�HQ�
WLWLHV� LQ� WKH�PLQG� RQ� ZKLFK� RQH� FDQ� SHUIRUP� WKRXJKW� RSHUDWLRQV� ZKLFK�
\LHOG�RWKHU�WKRXJKW�HQWLWLHV��,Q��QJVWU¸PV�DSSURDFK�VXFK�RSHUDWLRQV�ZHUH��
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IRU� H[DPSOH�� WKH� FRPSXWDWLRQV� RI� WKH� ZHLJKWHG� DULWKPHWLF� PHDQ� IRU� WKH�
ZDYHOHQJWK�DQG�KLV�DEVWUDFWLRQ� IURP�WKH� LPSDFW�RI�FKDQJHV�RI� WKH�DWPRV�
SKHULF�SUHVVXUH���

ϯ͘Ϯ͘ From pŚĞŶŽŵĞŶĂ�ƚŽ�lĂǁƐ�ŽĨ�ƉŚĞŶŽŵĞŶĂ͗ 
:͘�:͘��ĂůŵĞƌ͕�:͘�Z͘�ZǇĚďĞƌŐ͕�ĂŶĚ�t͘�Zŝƚǌ 

� 7KH�UHVXOWV�JLYHQ� LQ��QJVWU¸P��������ZHUH�WKH�SRLQW�RI�GHSDUWXUH� IRU�
WKH�GHYHORSPHQW�RI�VSHFWUDO�DQDO\VLV�OHDGLQJ�WR�ZKDW�:��5LW]�ODEHOHG�E\�WKH�
HSLVWHPRORJLFDO�FDWHJRU\�empirische Gesetze��5LW]������������DQG�1��%RKU�E\�
WKH�FDWHJRU\�FRQFHSW�K\EULG�empirical spectral laws��%RKU������������
� -��-��%DOPHU�ZDV�DEOH�WR�GHULYH�RQH�IRUPXOD��ZKLFK�KH�YLHZHG�DV�DQ؈�H[�
SUHVVLRQ�RI�D�ODZ؉��%DOPHU�����D��������DQG�ZKLFK�XQLILHG�WKH�NQRZOHGJH�RI�
WKH�ZDYHOHQJWKV�RI�WKH�IRXU�VSHFWUDO� OLQHV�+̭��+̮��+̯��DQG�+̰��

�
�

�+H�GUHZ�
RQ�WKH�ZDYHOHQJWKV�RI�WKH�VSHFWUDO�OLQHV�RI�K\GURJHQ�DV�FRPSXWHG�E\��QJ�
VWU¸P�� ̷̭�  � �������y�����PP�� ̷̮�  � �������y�����PP�� ̷̯�  � �������y�����
PP�� DQG� ̷̰�  � �������y�����PP��+H� VWDUWHG� E\� XQLI\LQJ� WKH� DERYH� JLYHQ�
IRXU�ZDYHOHQJWKV�E\�PHDQV�RI�D�EDVLF�ZDYHOHQJWK�̷�� �������y�����PP��VR�
WKDW�WKH\�DUH�JLYHQ�DV�PXOWLSOHV�RI�WKH�IROORZLQJ�FRHIILFLHQWV� �

�
� �

��
�� ��DQG�

�
� ��UHVSHFWLYHO\��%\�PXOWLSO\LQJ�WKH�VHFRQG�DQG�WKLUG�FRHIILFLHQWV�E\�

�
� �KH�

REWDLQHG� IRXU� FRHIILFLHQWV�ZKLFK� FDQ�EH�ZULWWHQ� DV�
��

�
�

�
���

��
�

��
���

��
�

��

DQG�
���

��
�

��DQG�WKXV�XQLILHG�LQWR�WKH�IRUPXOD� ��

�

��m
m ��ZKHUH�m VWDQGV�

IRU�WKH�SRVLWLYH�ZKROH�QXPEHUV����������DQG����7KH�IRXU�ZDYHOHQJWKV�̷̭��̷̮��
̷̯�� DQG� ̷̰� FDQ� EH� WKHQ� XQLILHG�� E\� PHDQV� RI� D� EDVLF� ZDYHOHQJWK� ̷��  �
������y�����PP��LQWR�WKH�IRUPXOD�

� ���  ̷� �̷� ��

�

��m
m ��m� �������������

� )RUPXOD�����FDQ�EH�YLHZHG�DV�HPEHGGHG�LQWR�D�SKHQRPHQDO�VSHFWUDO�ODZ��
VR�WKDW�KROGV���

������������������������������������������������������
��� )RU�DQ�DQDO\VLV�RI�WKLV�GHULYDWLRQ�VHH�%DQHW��������DQG���������UHVSHFWLYHO\��WKH�ODW�
WHU�DUWLFOH�GUDZV�RQ�%DOPHUV�PDQXVFULSWV���
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�� ����� ���̷� ��x�x��ĺ�̷��I	��x�x�>H ��

�

��m
m �@�

+HUH؈�H�x�؉�VWDQGV؈�x�LV�K\GURJHQ�؉؈�I�x�؉�IRU؈�x�LV�LQFDQGHVFHG�؉�DQG̷؈��x�؉�
IRU؈�WKH�ZDYHOHQJWK�RI�UDGLDWLRQ�HPLWWHG�E\�x�؉�7KLV�ODZ�KDV�WKH�IROORZLQJ�
WZR�IHDWXUHV��,W�FDQ�EH�XVHG�DOUHDG\�IRU�WKH�SXUSRVH�RI�H[SODQDWLRQ�RI�WKH�DO�
UHDG\�NQRZQ�IRXU�GLIIHUHQW�ZDYHOHQJWKV�RI�WKH�VSHFWUDO�OLQHV�RI�K\GURJHQ��,W�
WKXV�IXOILOOV�WKH�UHTXLUHPHQW�RI�WKH�VR�FDOOHG� functional interdependence�LP�
SRVHG�RQ�VFLHQWLILF�H[SODQDWLRQ�E\�-��:RRGZDUG��

7KH�ODZ�RFFXUULQJ�LQ�WKH�H[SODQDQV�RI�D�VFLHQWLILF�H[SODQDWLRQ�RI�VRPH�
H[SODQDQGXP�E�PXVW�EH�VWDWHG�LQ�WHUPV�RI�YDULDEOHV�RU�SDUDPHWHUV�YDULD�
WLRQV�LQ�WKH�YDOXH�RI�ZKLFK�ZLOO�SHUPLW�WKH�GHULYDWLRQ�RI�RWKHU�H[SODQ�
DQGD�ZKLFK�DUH�DSSURSULDWHO\�GLIIHUHQW�IURP�E���:RRGZDUG�����������

� :H� FDQ�SURYLGH�KHUH� WKH� ILUVW� HSLVWHPRORJLFDO� GHOLQHDWLRQ�RI� WKH� FDWH�
JRU\� scientific law of phenomena: it unifies in mind a number of different, al-
ready known phenomena pertaining to entities of the same kind and provides  
a unified account of these phenomena��
� 7KH�LPSRUWDQFH�RI�VXFK�D�SKHQRPHQDO�ODZ�LV�WKDW�LW�VWRRG�LQ�%DOPHUV�
UHDVRQLQJ�QRW�RQO\�IRU�D�XQLILFDWLRQ�RI�DQWHFHGHQWO\�NQRZQ�SKHQRPHQD��EXW�
ZDV�DOVR�XVHG�E\�KLP�IRU�WKH�GHULYDWLRQ�RI�SKHQRPHQD�ZKRVH�UHIHUHQWV�ZHUH�
QRW�NQRZQ�WR�KLP�ZKHQ�KH�VWDWHG�IRUPXOD������,Q�IDFW��RQ�WKH�EDVLV�RI�IRU�
PXOD�����DQG�WKH�K\SRWKHVL]HG�YDOXH�m� ����KH�SUHGLFWHG�WKH�H[LVWHQFH�RI�
DQRWKHU� VSHFWUDO� OLQH� RI� K\GURJHQ�� ZLWK� WKH� SUHGLFWHG� ZDYHOHQJWK��
̷� ��������y�����PP��2QO\�ODWHU�GLG�KH�OHDUQ�WKDW�VXFK�D�VSHFWUDO�OLQH�KDG�
DOUHDG\�EHHQ�GLVFRYHUHG�WRJHWKHU�ZLWK�RWKHU�VSHFWUDO�OLQHV�V\PEROL]HG�DV�+̱��
+̲��+̳��+̴��DQG�+̵��7KXV��WKH�VFRSH�RI�DSSOLFDELOLW\�RI�IRUPXOD�����ZDV�H[�
WHQGHG�WR�WKH�YDOXHV���WKURXJK����RI�WKH�SDUDPHWHU�m��,Q�DGGLWLRQ��LQ�WKH�
VHFRQG� FRPPXQLFDWLRQ� LQ�%DOPHU� �����E��� KH� DJDLQ� EURDGHQHG�� EDVHG� RQ�
WKH�DGGLWLRQDO�NQRZOHGJH�KH�REWDLQHG�DERXW�VSHFWUDO�OLQHV��WKH�VFRSH�RI�DS�
SOLFDWLRQ�RI�WKH�IRUPXOD������VR�WKDW�WKH�YDOXHV�RI�WKH�SDUDPHWHU�m�UDQJHG�
QRZ�IRU�WKH�SRVLWLYH�ZKROH�QXPEHUV���WKURXJK�����
� ,Q� WKH� HQVXLQJ� GHYHORSPHQW� RI� VSHFWUDO� DQDO\VLV�� SKHQRPHQDO� VSHFWUDO�
ODZV�ZHUH�JHQHUDOL]HG�LQ�RUGHU�WR�FRYHU�DOVR�WKH�VSHFWUDO�OLQHV�RI�VXEVWDQFHV�
RWKHU�WKDQ�K\GURJHQ��$V�ZH�VKDOO�VHH��WKH�ZRUNV�RI�-��5��5\GEHUJ�DQG�:��
5LW]�DSSHDU�DV�FUXFLDO�WR�WKLV�LQYHVWLJDWLRQ���
� 5\GEHUJ� LQ� ������� HPSOR\HG� WKH� WHUP� �ZDYH؈ QXPEHU�؉� DEEUHYLDWHG� DV��
n�LQ�WKH�VHQVH�RI؈�the number of wavelengths in 1 centimeter؉������D�������WKDW�
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LV��n�  � ���y̷����ZKHUH� ̷� LV� H[SUHVVHG� LQ�XQLWV�XVHG�E\��QJVWU¸P��+H� DOVR�
GUHZ�RQ�WKH�DOUHDG\�DFTXLUHG�NQRZOHGJH�WKDW�WKH�VSHFWUD�RI�SDUWLFXODU�VXE�
VWDQFHV�DUH�RUGHUHG�LQ�VHULHV��%DVHG�RQ�WKLV�KH�IRXQG�WKDW�WKH�ZDYH�QXPEHUV�
DVVLJQHG�WR�WKH�VSHFWUDO�OLQHV�RI�GLIIHUHQW�VXEVWDQFHV�FDQ�EH�GHVFULEHG�E\�WKH�
IROORZLQJ�XQLILHG�IRUPXOD�������������

� ����� n� �n��� �
�
�̸� +m

1 �

+HUH؈�m؉�VWDQGV�IRU�D�SRVLWLYH�ZKROH�QXPEHU�ODEHOHG؈�QXPEHU�RI�WKH�WHUP�؉�
1�� LV�D�XQLYHUVDO�FRQVWDQW��ZKLOH�FRQVWDQWV�n��DQG�̸�VWDQG�IRU�VSHFLILF�FRQ�
VWDQWV�FKDUDFWHUL]LQJ�SDUWLFXODU�VSHFWUDO�VHULHV�RI�D�VXEVWDQFH��DQG�ZKHUH�n��LV�
WKH�OLPLW�ZKLFK�n�DSSURDFKHV�ZKHQ�m� ڛ���%\�WUDQVIRUPLQJ�%ODPHUV�IRU��

PXOD�����VR�WKDW�LW�QRZ�KROGV�IRU�ZDYH�QXPEHUV��̷� �
n

��� �DQG�̷�� �
�

���
n

��

KH�REWDLQHG�WKH�IRUPXOD�n� �n��y� �

�� �
m

m � �DQG�WKXV�n� �n��� �
��

m
n ��WKXV�n� �

�n�� � ��
� �� �

�
m

���%\� FRPSDULQJ� WKH� IRUPHU� IRUPXOD�ZLWK� IRUPXOD� ����KH�

IRXQG�RXW�WKDW�IRU�LWV�XQLYHUVDO�FRQVWDQW�KROGV�1�� ��n��DQG�VR�DV�̷�� �
�

���
n

��

KH�FRPSXWHG�LQ��������WKDW�1�� �������������
� )LQDOO\��LQ�HDUO\���WK�FHQWXU\��:��5LW]�IRUPXODWHG؈�D�QHZ�ODZ�RI�WKH�VH�
ULHV� VSHFWUD؉� �5LW]� ������ ������PDNLQJ� LW� SRVVLEOH� WR� FRPELQH� WKH� DOUHDG\�
NQRZQ�IRUPXODV�RI�VSHFWUDO�VHULHV�RI�D�VXEVWDQFH��VR�WKDW�RQH�FRXOG�REWDLQ�
QHZ�IRUPXODV�RI�RWKHU�VHULHV�RI�WKLV�VXEVWDQFH�WKDW�FDQ�EH�XVHG�IRU�WKH�SUH�
GLFWLRQ�RI�WKH�H[LVWHQFH�RI�WKHVH�RWKHU�VHULHV��7KLV�ODZ�KH�VWDWHG�LQ�DQ�DXWR�
VHPLQDU�SDSHU�DGGHG�WR�KLV�DUWLFOH��������DV�IROORZV��

:KLOH�WKH�KLWKHUWR�NQRZQ�ODZV�RI�WKH�VHULHV�VSHFWUD�FRQQHFW�ZLWK�RQH�
DQRWKHU� WKH� OLQHV� RI� one� VHULHV� ؒ� LW� LV� VKRZQ� KHUH�� WKDW� WKHUH� H[LVWV��
D�VLPSOH�UHODWLRQ�DOVR�EHWZHHQ�GLIIHUHQW�VHULHV�RI�RQH�HOHPHQW��E\�PHDQV�
RI�DGGLWLYH�RU�VXEWUDFWLYH�FRPELQDWLRQV��HLWKHU�RI� WKH�VHULHV� IRUPXOD�RU�
FRQVWDQWV�JLYHQ� LQ� WKHP��QHZ� IRUPXODV�DUH�EHLQJ� IRUPHG��ZKLFK�DOORZ�
WR� FRPSXWH� FRPSOHWHO\� WKH� QHZ� OLQHV� GLVFRYHUHG� LQ� UHFHQW� \HDUV� IURP�
WKRVH�NQRZQ�HDUOLHU���5LW]������������
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� 6R�� IRU� H[DPSOH�� DV� VKRZQ� DERYH�� IRU� WKH� OLQHV� +̭�� +̮�� DQG� +̯��
%DOPHUV�IRUPXOD�����LQ�5\GEHUJV�UHIRUPXODWLRQ�\LHOGV��

 ṋ� �1��� �� �
�

�
�
� ���n̮� �1��� �� �

�
�
�
� ���n̯� �1��� �� �

�
�
�
� ��

%\� DSSO\LQJ� 5LW]V� FRPELQDWLRQ� SULQFLSOH�� RQH� REWDLQV� IURP� WKHVH� WKUHH�
IRUPXODV�WKH�IROORZLQJ�WZR�DGGLWLRQDO�IRUPXODV��

 n̮��ṋ� �1��� �� �
�

�
�
� ���n̯��ṋ� �1��� �� �

�
�
�
� ��

7KXV�� RQH� LV� DEOH� WR� SUHGLFW� WKH� H[LVWHQFH� RI� D� VSHFWUDO� OLQH� IRU� ZKLFK�
VKRXOG�KROG�WKH�IRUPXOD�

 n� �1��� ��
�

�
�

m
� ���m� �������

7KLV�SUHGLFWLRQ�ZDV�FRQILUPHG�E\�3DVFKHQ���������ZKR��EDVHG�RQ�D�VHULHV�
RI�H[SHULPHQWV��SURYHG�WKH�H[LVWHQFH�RI�D�VSHFWUDO�VHULHV�FRUUHVSRQGLQJ�WR�
WKH�ODVW�IRUPXOD���
� %DVHG�RQ�WKH�ODVW�IRUPXOD�DQG�%DOPHUV�IRUPXOD������5LW]�VWDWHG�WKH�XQL�
YHUVDO�IRUPXOD���

� ���  n� �1��� ��
��

mn
� ��

7KH�SKHQRPHQDO�VSHFWUDO�ODZ�����WKHQ�WXUQV�LQWR�WKH�SKHQRPHQDO�VSHFWUDO�
ODZ�

� ����� ���x�� �1�x��ĺ�n��I	��x�x�>H ��
��

mn
� �@��

+HUH؈�n�x�؉�VWDQGV�IRU؈�WKH�ZDYH�QXPEHU�RI�WKH�VSHFWUDO�OLQH�HPLWWHG�E\�x�؉��
� )URP�WKH�epistemological�SRLQW�RI�YLHZ�LW�KROGV�WKDW�5LW]V�ODZ�����FDQ�EH�
XVHG�QRW�RQO\��DV�FDQ�OLNH�%DOPHUV�IRUPXOD������WR�H[SODLQ�DQG�SUHGLFW�SDU�
WLFXODU�ZDYHOHQJWKV��EXW�DOVR�WR�H[SODLQ�WKH�ODZV�IRU�%DOPHUV�DQG�3DVFKHQV�
VHULHV��:H� FDQ� WKXV�SURYLGH� D� UHLQWHUSUHWDWLRQ�RI� WKH� FDWHJRU\� law of phe-
nomena�JLYHQ�DERYH��A scientific law of phenomena unifies in mind a number of 
different phenomena and laws of phenomena which pertain to entities of the same 
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NLQG�DQG�SURYLGHV�D�XQLILHG�DFFRXQW�RI�WKHP��2QH�FDQ�JLYH�DOVR�D�JHQHUDOL]D�
WLRQ�RI�WKH�DERYH�TXRWHG�UHTXLUHPHQW�RI�functional interdependence�LPSRVHG�
E\�:RRGZDUG�RQ�VFLHQWLILF�H[SODQDWLRQV��

7KH� ODZ� RFFXUULQJ� LQ� WKH� H[SODQDQV� RI� D� VFLHQWLILF� H[SODQDWLRQ� RI�
VRPH� H[SODQDQGXP� SKHQRPHQRQ�E� DQG� H[SODQDQGXP� ODZ� RI� SKH�
QRPHQD�L�PXVW�EH�VWDWHG�LQ�WHUPV�RI�YDULDEOHV�RU�SDUDPHWHUV�YDULD�
WLRQV� LQ� WKH�YDOXH�RI�ZKLFK�ZLOO�SHUPLW� WKH�GHULYDWLRQ�RI�RWKHU�H[�
SODQDQGD�SKHQRPHQD�DQG�H[SODQDQGD�ODZV�RI�SKHQRPHQD�ZKLFK�DUH�
DSSURSULDWHO\�GLIIHUHQW�IURP�E�DQG�L��

7KLV�JHQHUDOL]DWLRQ�LV�EDVHG�RQ�:RRGZDUGV�YLHZ�WKDW؈�WKH�VFLHQWLILF�H[SOD�
QDWLRQV�W\SLFDOO\�KDYH�DV�WKHLU�H[SODQDQGD�JHQHUDOLVDWLRQV�UDWKHU�WKDQ�VLQJX�
ODU� VHQWHQFHV�ؒ� WKH� VFLHQWLILF� H[SODQDWLRQ� RI� SDUWLFXODU� IDFWV� LV� DQ� DFWLYLW\�
ZKLFK� LV�GHULYDWLYH�RU�SDUDVLWLF�RQ�H[SODQDWLRQ�RI�JHQHUDOLVDWLRQV؉� �:RRG�
ZDUG������������

4. Bohr’s mechanism of the hydrogen atom 

� ,Q�3DUW� ,� RI� KLV� DUWLFOH� ��������%RKU� VHWV� DV� KLV� DLP� WR� GHDO�ZLWK� �WKH؈
PHFKDQLVP�RI�WKH�ELQGLQJ�RI�HOHFWURQV�E\�D�SRVLWLYH�QXFOHXV؉��%RKU�������
����+H�FRQFHSWXDOO\�DSSURDFKHV�WKLV�PHFKDQLVP�E\�PHDQV�RI�3ODQFNV�YLHZ�
RI�UDGLDWLRQ�ZKLFK�KH�HPSOR\V�GUDZLQJ�RQ�WKH؈�JHQHUDO�DFNQRZOHGJPHQW�RI�
WKH� LQDGHTXDF\� RI� FODVVLFDO� HOHFWURG\QDPLFV� LQ� GHVFULELQJ� WKH� EHKDYLRU� RI�
V\VWHP�RI�DWRPLF�VL]H؉��%RKU�����������$W�WKH�VDPH�WLPH��%RKU�FOHDUO\�GLI�
IHUHQWLDWHV�LQ�KLV�DSSURDFK�WZR�GLVWLQFW�EXW�VWLOO�LQWHUUHODWHG�SKDVHV��one��LQ�
ZKLFK�KH�ZLOO�SURYLGH� �D�EDVLV؈ IRU� D� WKHRU\�RI� WKH�FRQVWLWXWLRQ�RI� DWRPV؉��
DQG�DQRWKHU�RQH��EDVHG�RQ�WKH�ILUVW�RQH��LQ�ZKLFK�KH�ZLOO�JLYH�D؈�DQ�DFFRXQW�
ؒ�IRU�WKH�ODZ�RI�WKH�OLQH�VSHFWUD�RI�K\GURJHQ؉��FI��%RKU������������
� $V�WKH�REMHFW�RI�KLV�WKRXJKW�RSHUDWLRQV�%RKU�FKRRVHV؈�D�VLPSOH�V\VWHP�
FRQVLVWLQJ�RI�D�SRVLWLYHO\�FKDUJHG�QXFOHXV�RI�YHU\�VPDOO�GLPHQVLRQV�DQG�DQ�
HOHFWURQ�GHVFULELQJ�FORVHG�RUELWV�DURXQG�LW؉��%RKU�����������DQG�ZKHUH�WKLV�
REMHFW�LV�VXEMHFWHG�WR�WZR�DGGLWLRQDO�VXSSRVLWLRQV��WKH�PDVV�RI�WKH�HOHFWURQ�
LV�QHJOLJLEOH�LQ�VL]H�DV�FRPSDUHG�WR�WKDW�RI�WKH�QXFOHXV��DQG�WKH�YHORFLW\�v�RI�
WKH�HOHFWURQ LV�PXFK�VPDOOHU�WKDQ�WKH�YHORFLW\�RI�OLJKW�c��7KDW�FKRLFH�HQ�
DEOHV�KLP�WR�E\SDVV� WKH� LVVXH�RI�PHFKDQLFDO� LQVWDELOLW\�� DQG��ZKHQ�XQLILHG�
ZLWK� WKH� ILUVW� VXSSRVLWLRQ�� SURYLGHV� WKH� FRQFHSWXDO� IUDPHZRUN� IRU� WKH�
WUHDWPHQW�RI�WKH�K\GURJHQ�DWRP��7KH�ODWWHU�VXSSRVLWLRQ��FKDUDFWHUL]HG�E\�
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PHDQV�RI�WKH�HSLVWHPRORJLFDO�FDWHJRU\�idealization��VWDWHV�WKDW�
c
v  ���KROGV���

%\�WKH�LQWURGXFWLRQ�RI�WKLV�LGHDOL]DWLRQ�%RKU�FDQ�DEVWUDFW�LQ�PLQG�IURP�WKH�
LPSDFW�RI�UHODWLYLVWLF�HIIHFWV��
� %RKU�LQLWLDOO\�SUHVXSSRVHV�WKDW�QR�HQHUJ\�LV�UDGLDWHG��WKXV�KH�FDQ�DSSO\�
FODVVLFDO�PHFKDQLFV�WR�WKH�FDVH�RI�WKH�PRYHPHQW�RI�WKH�HOHFWURQ��RQ�DQ�HO�
OLSWLFDO�RUELW��DURXQG�WKH�QXFOHXV�ORFDWHG�LQ�WKH�IRFXV�RI�WKLV�RUELW��,I�e�DQG�
m�VWDQG�IRU�WKH�FKDUJH�DQG�PDVV�RI�WKH�RUELWLQJ�HOHFWURQ��E�IRU�WKH�FKDUJH�
RI�WKH�QXFOHXV��DQG��a�IRU�WKH�PDMRU�D[LV�RI�WKH�RUELW��WKHQ�LW�KROGV��%RKU�
����������
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+HUH�ͅ�VWDQGV�IRU�WKH�RUELWDO�IUHTXHQF\�RI�WKH�HOHFWURQ��ZKLOH�W�VWDQGV�IRU�
WKH�HQHUJ\�WR�UHPRYH�LW�IURP�WKH�YLFLQLW\�RI�WKH�QXFOHXV�WR�LQILQLW\���
� 7KHQ��%RKU�JLYHV�XS� WKH� VXSSRVLWLRQ� WKDW� HQHUJ\� LV�QRW� UDGLDWHG�� WKLV�
UHTXLUHV�VWDELOL]LQJ�WKH�DWRP�UDGLRDFWLYHO\��7R�DFKLHYH�WKLV�VWDELOL]DWLRQ��KH�
EULQJV�LQ�3ODQFNV�LGHD�RI�D�GLVFUHWH�HQHUJ\�EHLQJ�UDGLDWHG�E\�D�YLEUDWRU�ZLWK�
WKH� IUHTXHQF\� ȣ�� DQG� ZKHUH� WKH� HQHUJ\� UDGLDWHG� LQ� RQH� HPLVVLRQ� LV� ̀hȣ��
ZKHUH�̀�LV�SRVLWLYH�ZKROH�QXPEHU�DQG�h�3ODQFNV�XQLYHUVDO�FRQVWDQW��+H�DS�
SOLHV�WKLV�LGHD�RI�3ODQFN�LQ�VXFK�D�ZD\�WKDW�KH�QRZ�VXSSRVHV�WKH�HOHFWURQ��
EHLQJ�LQLWLDOO\�DW�D�JUHDW�GLVWDQFH�IURP�WKH�QXFOHXV��DV�ERXQG�E\�WKH�QXFOHXV�
DQG� VHWWOHG� LQ� DQ� RUELW� DURXQG� LW��7R� WKLV� ELQGLQJ� %RKU� DSSOLHV� 3ODQFNV�
LGHD�LQ�VXFK�D�ZD\�WKDW�WKH�HQHUJ\�EHLQJ�HPLWWHG�LQ�WKLV�SURFHVV�LV�JLYHQ�E\��
WKH�UHODWLRQ�E� �̀h

�
ͅ ��ZKHUH�ͅ�VWDQGV�IRU�WKH�RUELWDO�IUHTXHQF\�RI�WKH�HOHF��

WURQ�RQ� LWV� ILQDO�RUELW� LQ�ZKLFK� LW� VHWWOHV��
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h
Eme

�7KLV� UHODWLRQ��ZKHQ�FRPELQHG�
ZLWK�UHODWLRQV�JLYHQ�LQ������\LHOGV�
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� %RKU�LQWHUSUHWV�WKHVH�UHODWLRQV�LQ�VXFK�D�ZD\�WKDW�IRU�WKH�UHVSHFWLYH�YDO�
XHV� RI� ̀ RQH�REWDLQV� WKH� YDOXHV� IRU�W�� ͅ�� DQG� �a�ZKLFK� FKDUDFWHUL]H� WKH�
������������������������������������������������������
��� %RKU�XVHV�LQ�3DUW�,�WZR�DGGLWLRQDO�DSSOLFDWLRQV�RI�3ODQFNV�YLHZ�RQ�TXDQWD�RI�HQHUJ\��
ZH�GR�QRW�GHDO�ZLWK�WKHP�LQ�WKLV�SDSHU��2Q�WKLV�VHH�+HLOEURQ��.XKQ���������
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FRQILJXUDWLRQV�RI�WKH�DWRP�ZKHQ�QR�HQHUJ\�LV�UDGLDWHG�E\�WKH�DWRP��7KHVH�
FRQILJXUDWLRQV�KH�YLHZV�DV�FKDUDFWHUL]LQJ�WKH�VWDWHV�RI�WKH�DWRP��VR�KH�DV�
VLJQV�WR�WKHP�WKH�WHUP؈�VWDWLRQDU\�VWDWHV�؉�%\�EULQJLQJ�LQ�WKH�YDOXHV�IRU�e��
m�� DQG�h�� DQG�E\� VXSSRVLQJ� WKDW� e� �E��KH�FRPSXWHV� IRU�̀  ��� WKH� OLQHDU�
GLPHQVLRQ��a�RI�WKH�DWRP�RI�K\GURJHQ��LWV�RSWLFDO�IUHTXHQF\�ͅ��DQG�LWV�LRQL��
]DWLRQ�SRWHQWLDO�

e
W ��DOO�WKHVH�FRPSXWHG�YDOXHV�FRUUHVSRQG�WR�WKRVH�ZKLFK��

DUH�FRPSXWHG�RQ�WKH�EDVLV�RI�H[SHULPHQWV��$W�WKH�HQG�RI�KLV�WUHDWPHQW�RI�
WKH� DWRP� LWVHOI�� %RKU� JLYHV� WKH� IROORZLQJ� EULHI� VXPPDU\� RI� KLV�PDLQ� DV�
VXPSWLRQV��

����7KH� G\QDPLFDO� HTXLOLEULXP�RI� WKH� V\VWHPV� LQ� WKH� VWDWLRQDU\� VWDWHV�
FDQ�EH�GLVFXVVHG�E\�KHOS�RI�WKH�RUGLQDU\�PHFKDQLFV��ZKLOH�WKH�SDVVLQJ�RI�
WKH�V\VWHPV�EHWZHHQ�GLIIHUHQW�VWDWLRQDU\�VWDWHV�FDQQRW�EH�WUHDWHG�RQ�WKDW�
EDVLV��
����7KDW�WKH�ODWWHU�LV�IROORZHG�E\�WKH�HPLVVLRQ�RI�D�KRPRJHQHRXV�UDGLD�
WLRQ�� IRU�ZKLFK�WKH�UHODWLRQ�EHWZHHQ�WKH�IUHTXHQF\�DQG�WKH�DPRXQW�RI�
HQHUJ\�HPLWWHG�LV�WKH�RQH�JLYHQ�E\�3ODQFNV�WKHRU\���%RKU����������

� ,Q� RXU� YLHZ� WR� %RKUV� WUHDWPHQW� RI� WKH� FRQVWLWXWLRQ� RI� WKH� K\GURJHQ�
DWRP� RQH� FDQ� DVVLJQ� WKH� FDWHJRU\� ground� XQGHUVWRRG� DV� working of the 
ground’s mechanism��7KLV�FDWHJRU\�LQYROYHV�DV�VXERUGLQDWHG�WKRVH�FDWHJRULHV�
ZKLFK�DUH�JLYHQ�LQ�0DFKDPHU��'DUGHQ��&UDYHU��������DQG�'DUGHQ��������
DQG�ZKLFK�ZHUH�VWDWHG�DOUHDG\�DERYH���

5. The spectra explained and predicted 

� $IWHU�%RKU�GHDOW�ZLWK�WKH�ZRUNLQJ�RI�WKH�PHFKDQLVP�RI�WKH�K\GURJHQ�
DWRP��KH�PRYHG�RQ�WR�WKH�GHULYDWLRQ�RI�WKH�IRUPXOD�IRU�WKH�VSHFWUDO�OLQHV�RI�
K\GURJHQ�� $V� VKRZQ� DERYH�� 5\GEHUJV� IRUPXOD� ���� KROGV� IRU� WKH� VSHFWUDO�
OLQHV�RI�K\GURJHQ��,W�FDQ�EH�WUDQVIRUPHG�DV�IROORZV��7KH�UHODWLRQ�̷� �cyT��
ZKHUH�c�LV�WKH�VSHHG�RI�OLJKW�DQG�T�WKH�SHULRG�RI�LWV�PRYHPHQW��LV�WUDQV��
IRUPHG�LQWR�n� �

Tc �
� ��DQG�E\�LQWURGXFLQJ�WKH�PDJQLWXGH�IUHTXHQF\�ȣ�DV�ȣ�

 �
T
� �RQH�REWDLQV�ȣ� �cyn��6R��E\�PXOWLSO\LQJ�WKH�IRUPXOD�����E\�WKH�PDJQL�

WXGH�c��RQH�REWDLQV�
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� ���  ȣ� �cyN��� ��
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mn
� ��

)RU�c� ��y�����FPV���DQG�N�� ����������FP���RQH�REWDLQV�cyN�� �����������
V����%RKU�FRPSDUHG�WKLV�YDOXH��REWDLQHG�E\�FRPSXWDWLRQ�IURP�WKH�KLVWRUL�
FDOO\�SULRU�IRUP�RI�WKH�IRUPXOD�IRU�K\GURJHQ��ZLWK�WKH�YDOXH�KH�FRPSXWHG�
RQ�WKH�EDVLV�RI�WKH�IRUPXOD�KH�GHULYHG�IURP�KLV�WKHRU\�DERXW�WKH�K\GURJHQ�
DWRP��+H�SURFHHGHG�LQ�WKH�IROORZLQJ�ZD\��+H�LQWHUSUHWV�WKH�H[SHULPHQWDO�
SURFHVV�RI�GLVFKDUJH� LQ�YDFXXP�WXEH�ZKHQ�WKH�VSHFWUXP�LV�H[SHULPHQWDOO\�
SURGXFHG� DV� D� SURFHVV� RI�PRYLQJ� WKH� RUELWDO� HOHFWURQ� WR� D� JUHDW� GLVWDQFH�
IURP� WKH� QXFOHXV�� 7KLV� ODWWHU� SURFHVV� KH� YLHZV� DV� FRUUHVSRQGLQJ� WR� WKH�
FUHDWLRQ�RI� D� VWDWLRQDU\� VWDWH�ZKHQ� WKH� HOHFWURQ� LV� ERXQG�E\� WKH�QXFOHXV��
)RU�WKH�HQHUJ\�W�UDGLDWHG�LQ�WKLV�ELQGLQJ�KROGV�WKH�UHODWLRQ������DQG�VR�DV�
WKH�REMHFW�RI�KLV�WKRXJKW�GHULYDWLRQV�LV�VWLOO�K\GURJHQ��KH�SXWV�WKH�DEVROXWH�
YDOXHV� RI� WKH� FKDUJH� RI� WKH� RUELWLQJ� HOHFWURQ� DQG� WKDW� RI� WKH� QXFOHXV� DV�
LGHQWLFDO��+H�WKXV�REWDLQV�IURP�����WKH�UHODWLRQ�

� ����� Ẁ� � ��
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̀
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h
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7KHQ��WKH�HQHUJ\�SURGXFHG�ZKHQ�WKH�DWRP�SDVVHV�IURP�WKH�VWDWH�FKDUDFWHU�
L]HG�E\�̀��WR�WKDW�FKDUDFWHUL]HG�E\�̀��LV�DV�IROORZV��
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7KLV�HQHUJ\�KH�SXWV�HTXDO�WR�hȣ��ZKHUH�ȣ�LV�WKH�IUHTXHQF\�RI�UDGLDWLRQ��VR�
KH�REWDLQV�
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̀
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� )URP�KHUH�%RKUV�WKRXJKW�PRYHPHQW�JRHV�LQWR�WZR�GLUHFWLRQV��2QH�GHDOV�

ZLWK�WKH�H[SUHVVLRQ� �

��̼�
h
me �LQ������DQG�WKH�VHFRQG�ZLWK�WKH�H[SUHVVLRQ�LQ�

WKH�EUDFNHWV�RI�������7KH�IRUPHU�H[SUHVVLRQ�LV�XVHG�E\�%RKU�IRU�WKH�UHFRP�
SXWDWLRQ�RI�WKH�FRQVWDQW�JLYHQ�DERYH�DV�cyN���IRU�WKH�YDOXHV�RI�e��m��DQG�h�LW�
\LHOGV� WKH� YDOXH� ����� ����� V����7KH� H[SUHVVLRQ� LQ� WKH� EUDFNHWV� LV� XVHG� E\�
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%RKU�LQ�WKH�explanation�RI�DOUHDG\�NQRZQ�VSHFWUDO�VHULHV�DQG�LQ�WKH�predic-
tion�RI�WKH�H[LVWHQFH�RI�VSHFWUDO� OLQHV�DV�\HW�XQGHWHFWHG��%\�SXWWLQJ�̀�� ���
DQG�IRU�D�YDU\LQJ�̀��KH�H[SODLQV�%DOPHUV�VHULHV�DQG�IRU�̀�� ���KH�explains�
3DVFKHQV�VHULHV��+H�predicts��E\�SXWWLQJ�̀�� ����RU����RU����WKH�H[LVWHQFH�RI�
VSHFWUDO� VHULHV�ERWK� LQ�WKH�H[WUHPH�XOWUD�YLROHW�DQG�WKH�H[WUHPH�XOWUD�UHG��
ZKLFK� �DUH؈ QRW� REVHUYHG�� EXW� WKH� H[LVWHQFH� RI� ZKLFK� PD\� EH� H[SHFWHG؉�
�%RKU�����������$OUHDG\�LQ������WKH�VHULHV�FRUUHVSRQGLQJ�WR�̀�� ���ZDV�GH�
WHFWHG�� IHZ�\HDUV� ODWHU�WKH�VHULHV� IRU�̀��HTXDO�WR���DQG���ZHUH�DOVR�H[SHUL�
PHQWDOO\�GHWHFWHG��
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�
� )LQDOO\��VWLOO�LQ�3DUW�,��%RKU�OHDYHV�WKH�IUDPHZRUN�RI�UHIOHFWLRQV�RQ�K\�
GURJHQ�DWRP�DQG�LWV�VSHFWUD��DQG�JLYHV�DQ� LQWHUSUHWDWLRQ�RI�5LW]�FRPELQD�
WLRQ�SULQFLSOH�DV�KROGLQJ�IRU�DOO�VXEVWDQFHV�SURGXFLQJ�OLQH�VSHFWUD��

7KH�FLUFXPVWDQFH�WKDW�WKH�IUHTXHQF\�FDQ�EH�ZULWWHQ�DV�D�GLIIHUHQFH�EH�
WZHHQ�WZR�IXQFWLRQV�RI�HQWLUH�QXPEHUV�VXJJHVWV�DQ�RULJLQ�RI�WKH�OLQHV�LQ�
WKH�VSHFWUD�LQ�TXHVWLRQ�VLPLODU�WR�WKH�RQH�ZH�KDYH�VXJJHVWHG�IRU�K\GUR�
JHQ�� L�H�� WKDW� WKH� OLQHV� FRUUHVSRQG� WR� D� UDGLDWLRQ� HPLWWHG� GXULQJ� WKH�
SDVVLQJ�RI�WKH�V\VWHP�EHWZHHQ�WZR�VWDWLRQDU\�VWDWHV��7KLV�PD\�DFFRXQW�
IRU� WKH� GLIIHUHQW� VHWV� RI� VHULHV� LQ� WKH� OLQH� VSHFWUD� HPLWWHG� IURP� VXE�
VWDQFHV�LQ�TXHVWLRQ���%RKU�����������

� :KDW�epistemological lessons�FDQ�EH�GUDZQ�KHUH"�2QFH�%RKU�VXFFHHGHG�LQ�
WKH�DERYH�UHFRQVWUXFWHG�WZR�GLUHFWLRQV�RI�WKRXJK�PRYHPHQW��KLV�knowledge 
has grown��:KDW�ZH�PHDQ�E\�WKLV�FDQ�EH�XQGHUVWRRG�ZKHQ�ZH�SXW�VLGH�E\�
VLGH�WKH�LQLWLDO�IRUPXODWLRQ�����RI�WKH�VSHFWUDO�IRUPXOD�IRU�K\GURJHQ�DQG�WKH�
VSHFWUDO�IRUPXOD������GHULYHG�E\�%RKU��
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%\�WKHLU�FRPSDULVRQ�LW�EHFRPHV�UHDGLO\�VHHQ�WKDW�WKH�H[SUHVVLRQ؈�cy1�؉�LV��

UHVWDWHG�DV� �

��̼�
h
me ��DQG�VR�WKH�IRUPXOD�IRU�WKH�SKHQRPHQRQ�RI�VSHFWUDO��

HPLVVLRQ�LV�FRPSOHWHO\�WLHG�WR�LWV�H[SODQDQV��WKH�ODWWHU�EHLQJ�%RKUV�XQLILFD�
WLRQ�RI�5XWKHUIRUGV�DWRP�ZLWK�3ODQFNV�YLHZV�RQ�WKH�TXDQWD�RI�UDGLDWLRQ��
7KH�V\PEROV؈�e؉؈��h؉�DQG؈�m؉�WRJHWKHU�ZLWK�WKHLU�UHVSHFWLYH�PHDQLQJV�DS�

������������������������������������������������������
��� 2Q�WKLV�VHH�/\PDQ���������%UDFNHWW��������DQG�3IXQG���������
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SHDU�LQ�WKH�H[SODQDQGD�DQG�SUHGLFDQGD�EHFDXVH�WKHUH�DUH�VKLIWHG�KHUH�LQ�WKH�
SURFHVV�RI�H[SODQDWLRQ�DQG�SUHGLFWLRQ�IURP�%RKUV�H[SODQDQV��WKH�XQGHU�
VWDQGLQJ�RI�WKH�groundV�PHFKDQLVP�SURGXFLQJ�WKH�UHVSHFWLYH�SKHQRPHQD��
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n

�
%\�WKLV�FRPSDULVRQ�RQH�ILQGV�RXW�DOVR�WKDW�WKH�LQWHUSUHWDWLRQ�RI�WKH�V\P�
EROV؈�n؉�DQG؈�m؉�LV�GLIIHUHQW�IURP�WKDW�RÌ؈��؉�DQG̀؈���؉�:KLOH�WKH�IRUPHU�
SDLU�VWDQGV�MXVW�IRU�DQ�RUGHUHG�SDLU�RI�QXPEHUV��WKH�ODWWHU�VWDQGV�IRU�WKH�VH�
TXHQFH�RI�RUELWV�RI�WKH�HOHFWURQ���
� 7KH�JURZWK�RI�NQRZOHGJH�EHFRPHV� UHDGLO\� VHHQ�DOVR�ZKHQ�RQH�UHFRQ�
VWUXFWV�WKH�UHVSHFWLYH�VFLHQWLILF� ODZV�LQWR�ZKLFK�WKH�IRUPXODV������DUH�HP�
EHGGHG��:H�UHFRQVWUXFW�WKHP�DV�IROORZV��
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,Q� WKH� DQWHFHGHQW�RI� WKH� VHFRQG� ODZ� �؉�x�El؈ VWDQGV� IRU� �x؈ LV� DQ� HOHFWURQ�؉�
��z,x,y�؉�IRU�؊z�LV�K\GURJHQ�H؈��؈y�LV�WKH�QXFOHXV�RUELWHG�E\ x؈�y�x�؉�IRU�1؈

FRPSRVHG�RI�x�DQG�y؈��؊D�z�؈�IRU؈�z�LV�GLVWXUEHG�؉�DQG؈�
c
yv �� ؉�IRU؈�WKH�UDWLR�

RI�WKH�VSHHG�RI�y�DQG�VSHHG�RI�OLJKW�؉�,Q�WKH�FRQVHTXHQW؈�m����x�؉�VWDQGV�IRU�
���؉PDVV�RI�x�VXEMHFWHG�WR�RQH�LGHDOL]DWLRQ؈
� %\�FRPSDULQJ� WKHVH� WZR� ODZV��RQH� ILQGV�RXW� WKDW�ZKDW�KDV� FKDQJHG� LV�
WKH�YHU\�PHDQLQJ�RI�WKH�WHUP؈�K\GURJHQ�؉�WKDW�LV��WKH�XQLYHUVH�RI�GLVFRXUVH�
WR�ZKLFK�WKH�ODZ�FDQ�EH�DSSOLHG�DW�DOO��:KLOH�LQ�WKH�IRUPHU�ODZ��V\PEROL]HG�
DV؈�H�؉� LW� LV�XQGHUVWRRG�DV�� VD\��D� VXEVWDQFH�ZLWK�D�FHUWDLQ�DWRPLF�ZHLJKW��
UHDFWLQJ� LQ� FHUWDLQ� SURSRUWLRQ� ZLWK� RWKHU� VXEVWDQFHV� DQG� ZLWK� D� FHUWDLQ�
LRQL]DWLRQ�SRWHQWLDO�� LQ� WKH� ODWWHU�� V\PEROL]HG� DV� H؈�؉� LW� LV� XQGHUVWRRG� DV�
EHLQJ�VHW�XS�E\�DQ�HOHFWURQ�RUELWLQJ�WKH�QXFOHXV��:KDW�KDV�FKDQJHG�DOVR�LV�
WKH�XQGHUVWDQGLQJ�ZKHQ�WKH�K\GURJHQ�LV�DW�DOO�UDGLDWLQJ��LQ�WKH�IRUPHU�ODZ�
LW�KDV�WR�EH� LQFDQGHVFHG�� LQ�WKH� ODWWHU� ODZ�LW�KDV�WR�EH�GLVWXUEHG�IURP�WKH�
RXWVLGH�E\�DQ�LQSXW�RI�HQHUJ\��VR�WKDW�WKH�HOHFWURQ�LV�VKLIWHG�IURP�RQH�RUELW�
������������������������������������������������������
��� ,Q�RUGHU�QRW�WR�RYHUEXUGHQ�WKH�WH[W�ZH�XVH�KHUH�RQO\�WKH�FDWHJRU\�explanans�DV�WKH�
EDVLV�IRU�WKH�WKRXJKW�GHULYDWLRQ�RI�ERWK�WKH�H[SODQDQGD�DQG�SUHGLFDQGD��WKXV�UHIUDLQLQJ�
IURP�WKH�XVH�RI�WKH�FDWHJRU\�predicans���
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WR�DQRWKHU��)LQDOO\��%RKUV�HTXDWLRQ�JLYHQ�LQ�WKH�ODZ�KROGV�RQO\�ZKHQ�WKH�
LGHDOL]DWLRQ�KROGV�WKDW�WKH�RUELWLQJ�VSHHG�RI�WKH�HOHFWURQ�LQVLGH�WKH�K\GUR�
JHQ�PXVW�EH�PXFK�VPDOOHU�WKDQ�WKDW�RI�OLJKW��

� %DVHG�RQ�WKH�DERYH�JLYHQ�UHFRQVWUXFWLRQV�RI�WKH�JURZWK�RI�NQRZOHGJH��
ZH� SURSRVH� WKH� IROORZLQJ��PRUH� VXEWOH� GLIIHUHQWLDWLRQ� EHWZHHQ� SKLORVR�
SKLFDO�FDWHJRULHV��.QRZOHGJH�ZKLFK�ZDV�WLOO�QRZ� ODEHOHG�E\� WKH�FDWHJRU\�
phenomena� LV� QRZ� ODEHOHG� HLWKHU� E\� WKH� FDWHJRU\� appearance� RU� E\� WKH�
FDWHJRU\�manifestation��DQG�NQRZOHGJH�ZKLFK�ZDV�WLOO�QRZ�ODEHOHG�E\�WKH�
FDWHJRU\�law of phenomena�LV�QRZ�ODEHOHG�HLWKHU�E\�WKH�FDWHJRU\�law of ap-
pearance�RU�E\�WKH�FDWHJRU\� law of manifestation��7KH�SKLORVRSKLFDO�FDWH�
JRU\�appearance�LV�DVVLJQHG�WR�WKDW�OHYHO�RI�NQRZOHGJH�DQG�WKLQNLQJ�ZKHUH�

�
� %DVHG�RQ�WKHVH�DQDO\VHV��ZH�FRPH�WR�WKH�FRQFOXVLRQ�WKDW�ZKLOH�LW�LV�SRV�
VLEOH�WR�DVVLJQ�ERWK�WR�WKH�NQRZOHGJH�ZKLFK�LV�WKH�SRLQW�RI�GHSDUWXUH�RI�WKH�
WKRXJKW�PRYHPHQW�to�WKH�JURXQGV�PHFKDQLVP�DV�ZHOO�DV�WR�WKH�NQRZOHGJH�
ZKLFK�LV�REWDLQHG�E\�H[SODQDWLRQ�DQG�SUHGLFWLRQ�from�WKH�NQRZOHGJH�DERXW�
WKH�JURXQGV�PHFKDQLVP�WKH�VDPH�FDWHJRU\�SDLU phenomena�DQG�law of phe-
nomena�� WKLV� SDLU� RI� SKLORVRSKLFDO� FDWHJRULHV� GRHV� QRW� FDSWXUH� DGHTXDWHO\�
WKH� DERYH� UHFRQVWUXFWHG� FDVHV� RI� JURZWK� RI� NQRZOHGJH�� 7KH� SKHQRPHQD�
DQG�ODZV�RI�SKHQRPHQD�DV�WKH�HSLVWHPLF�SRLQWV�RI�GHSDUWXUH�IRU�WKH�PRYH�
PHQW� WR� JURXQGV� PHFKDQLVP� DQG� DV� WKH� ODWWHUV� HSLVWHPLF� FRQVHTXHQFHV�
GLIIHU� PXWXDOO\� LQ� VRPH� IXQGDPHQWDO� DVSHFWV�� 7KLV� GLIIHUHQFH�� DV� FDQ� EH�
VHHQ� IURP�'LDJUDP����ZDV�QRW� WDNHQ� LQWR� DFFRXQW� LQ� WKH� DUWLFOH�%RJHQ��
:RRGZDUG� ��������$V� D� FRQVHTXHQFH� RI� WKH� DEVHQFH� RI� WKLV� DFFRXQW�� WKH�
ZKROH�F\FOH�data�ĺ�phenomena�ĺ�ؒ�ĺ�phenomena��UHFRQVWUXFWHG�IRU�WKH�
ILUVW� WLPH� LQ�%RJHQ� �RRGZDUG:� ������� IDLOV� WR� H[SUHVV� WKH� H[WHQVLRQ� RI�
NQRZOHGJH��7KLV�IDLOXUH�FRXOG�EH�WXUQHG�LQWR�DQ�DUJXPHQW�DUJXLQJ�LQ�IDYRU�
RI�D�PRGLILHG�+HPSHOLDQ�YLHZ�IURP�WKH�ILIWLHV��QDPHO\��WKDW�even if the phe-
nomena are not observable, still it does not make any sense to make a detour 
through theory and the knowledge of mechanism given in it��RQH�VWDUWV�DQG�HQGV�
ZLWK�WKH�VDPH�NQRZOHGJH�H[SUHVVHG�E\�WKH�FDWHJRU\�SKHQRPHQD��$�UHPHG\�
WR�WKLV�GHILFLW�ZLOO�EH�JLYHQ�QRZ���

6. The epistemological lessons 

������������������������������������������������������
��� 2Q�WKH�UHFRQVWUXFWLRQ�RI�WKH�VWUXFWXUH�RI�VFLHQWLILF�ODZV�FRQWDLQLQJ�LGHDOL]DWLRQV�VHH�
1RZDN���������
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WKH�SKHQRPHQD�DUH�WKRXJKW�DV�\HW�LQGHSHQGHQWO\�DQG�SULRU�WR�WKHLU�XQLIL�
FDWLRQ�LQ�VFLHQWLILF�ODZV��ZKHUH�WKH�ODWWHU�KDYH�WKH�VWDWXV�RI�laws of appear-
ance�� LW� KROGV� IRU� WKHP� WKH� FKDUDFWHUL]DWLRQV� RI� WKH� FDWHJRU\� law of phe-
nomena�JLYHQ�DERYH��7KH�FDWHJRU\�law of appearance�FKDUDFWHUL]HV�NQRZO�
HGJH�DQG�WKLQNLQJ�EHIRUH�WKH�NQRZOHGJH�DERXW�WKH�JURXQGV�PHFKDQLVP�LV�
GHULYHG� IURP� WKHP��2QFH� WKH� YHU\�PHFKDQLVP� RI� WKH� JURXQG� LV� XQGHU�
VWRRG�� WKH� ODZV� RI� SKHQRPHQD� DQG� WKH� SKHQRPHQD� GHULYHG� �H[SODLQHG�
DQG�RU� SUHGLFWHG�� KDYH� DOUHDG\� WKH� VWDWXV� RI� laws of manifestation� DQG� RI�
manifestations��7KH� FDWHJRU\ law of manifestation� FDQ� EH� FKDUDFWHUL]HG� DV�
IROORZ��it unifies in mind a number of different phenomena pertaining to enti-
ties of the same kind, and where this unification stands for the derivation based 
on the understanding how the phenomena are produced by the working of the 
mechanism�of the ground of these phenomena���
� +RZ� FDQ� WKH� GLIIHUHQFH� EHWZHHQ� FDWHJRULHV� appearance� DQG� law of ap-
pearance�� RQ� WKH� RQH�KDQG�� DQG�manifestation� DQG law of manifestation�� RQ�
WKH�RWKHU�KDQG��EH�HSLVWHPRORJLFDOO\�H[SOLFDWHG"�$V�VKRZQ�DERYH��WKH�ODZV�
RI�VSHFWUD�DQG�WKXV�DOVR�WKH�IUHTXHQFLHV�FRPSXWHG�RQ�WKHLU�EDVLV��RQFH�GH�
ULYHG�IURP�%RKUV�XQGHUVWDQGLQJ�RI�WKH�ZRUNLQJ�RI�WKH�PHFKDQLVP�RI�WKH�
DWRP�� FRQWDLQ� DOUHDG\� WKH� V\PEROV� e��m� h�� ̀��� DQG�̀���7KHVH� V\PEROV�� DV�
ZHOO�DV�WKHLU�UHVSHFWLYH�PHDQLQJV��DUH�SDUW�RI�WKH�H[SODQDQGD�SUHGLFDQGD�DQG�
KDYH�WKHLU�RULJLQ�LQ�WKHLU�FRPPRQ�H[SODQDQV��%RKUV�XQGHUVWDQGLQJ�RI�WKH�
ZRUNLQJ�RI�WKH�PHFKDQLVP��ZKLFK�LV�EDVHG�RQ�WKH�PHDQLQJ�RI�VXFK�WHUPV�
DV؈�HOHFWURQ�PRYLQJ�RQ�LQ�RUELW�DERYH�WKH�QXFOHXV�؉؈�TXDQWXP�RI�UDGLDWLRQ�
HPLWWHG�؉؈�VWDWLRQDU\�RUELWV�؉�HWF��7KLV�FDQ�EH�VWDWHG�LQ�PRUH�JHQHUDO��HSLV�
WHPRORJLFDO� WHUPV� DV� IROORZV��&RQFHSWV� LQWURGXFHG� DW� WKH� OHYHO� RI� NQRZO�
HGJH�DQG�WKLQNLQJ�FKDUDFWHUL]HG�E\�WKH�FDWHJRU\�working of the mechanism of 
the ground� � DV� WKH� H[SODQDQV� � DUH� VKLIWHG� LQ� WKH� SURFHVV� RI� H[SODQD�
WLRQ�SUHGLFWLRQ� WR� WKH� H[SODQDQGD�SUHGLFDQGD�� 6R�� ZKLOH� DW� WKH� OHYHO� RI�
NQRZOHGJH� DQG� WKLQNLQJ� FKDUDFWHUL]HG� E\� WKH� FDWHJRULHV� appearances� DQG�
laws of appearances��FRQFHSWV�VWDQGLQJ�IRU�WKH�NQRZOHGJH�DERXW�WKH�ZRUNLQJ�
RI� WKH�PHFKDQLVP�DUH�DV�\HW�QRW�JLYHQ�� WKH\�DUH�DOUHDG\�JLYHQ�DW� WKH� OHYHO�
NQRZOHGJH�FKDUDFWHUL]HG�E\�WKH�FDWHJRULHV�laws of manifestations�DQG manifes-
tations��7KLV�LV�WKH�GLIIHUHQFH�EHWZHHQ�NQRZOHGJH�FKDUDFWHUL]HG�E\�WKH�FDWH�
JRULHV�appearance�and laws of appearance�DQG�NQRZOHGJH�FKDUDFWHUL]HG�E\�WKH�
FDWHJRULHV�law of manifestation�DQG�manifestation��
� %DVHG�RQ�WKLV�GLIIHUHQWLDWLRQ�RI�FDWHJRULHV��ZH�SURSRVH��DV�DQ�DOWHUQD�
WLYH�WR�6��6FKLQGOHUV�'LDJUDP����WKH�IROORZLQJ�GLDJUDPPDWLFDO�UHSUHVHQWD�
WLRQ�RI�WKH�VHTXHQFH�RI�FDWHJRULHV�UHFRQVWUXFWHG�WLOO�QRZ���



 D A T A ͕  P H E N O M E N A  A N D  M E C H A N I S M S � ��� 

 

�

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

'LDJUDP����6HTXHQFH�RI�FDWHJRULHV�UHFRQVWUXFWLQJ��
WKH�JURZWK�RI�VFLHQWLILF�NQRZOHGJH�

� +HUH�WKH�VFLHQWLILF�ODZV�L���L���ؒ��LW�VWDQG�IRU�D�UHLQWHUSUHWDWLRQ�E\�
PHDQV� RI� H[SODQDWLRQ�RI� WKH� VFLHQWLILF� ODZV�L���L���ؒ��LW��ZKLOH� WKH� ODZV�
LW����ؒ��VWDQG�IRU�ODZV�RI�PDQLIHVWDWLRQ�ZKLFK�GR�QRW�KDYH�WKHLU�FRXQWHU�
SDUW�LQ�WKH�ODZV�RI�DSSHDUDQFH��WKH\�DUH�predicanda�ODZV�DQG�QRW�H[SODQDQGD�
ODZV��7KH�VDPH�KROGV�IRU�PDQLIHVWDWLRQV�H[SUHVVHG�DV�P���P���ؒ��PV��WKH\�
DUH�WKH�UHLQWHUSUHWDWLRQV��EDVHG�RQ�H[SODQDWLRQ�IURP�WKH�ODZV�RI�PDQLIHVWD�
WLRQ��RI� WKH�DSSHDUDQFHV�P���P���ؒ��PV��ZKLOH� WKH�PDQLIHVWDWLRQV�PV����ؒ��
DUH�predicanda phenomena�GHULYHG�IURP�WKH�ODZV�RI�PDQLIHVWDWLRQV��
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