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� /D\RXW7KH�SULQWHG�SDJH� LV�GHILQHG�E\� LWV�KHLJKW������FP��DQG� LWV�ZLGWK�����FP��7KH� IRUPDWWLQJ� LQVWUXFWLRQV� DUH� JLYHQ� IRU�$�� IRUPDW� SDSHU�� QDPHO\� D� VKHHW�PHDVXULQJ����PP�E\����PP�
7DEOH����7KH�GLPHQVLRQV�RI�WKH�OD\RXW
0DUJLQV 'LVSRVLWLRQ+HLJKW �����FP%RWWRP ������FP �VW RGG�SDJH�/HIW �����FP5LJKW �����FP HYHQ�DQG�RGG�SDJH�GLIIHUHQW%LQGLQJ �����FP)URP�WKH�HGJH+HDGLQJ �����FP)RRWQRWH �����FP
7KH�IXOO�UHFWDQJOH�RI�WH[W��LQFOXGLQJ�WKH�KHDGLQJV��VWDUWV������FP�IURP�WKH�WRS�RI�WKH�SDJH��7KH�XSSHU�PDUJLQ�LV�WKXV������FP��WKH�ORZHU�PDUJLQ�LV�������FP��7KH�OHIW�PDUJLQ LV������FP��LQ�SRUWUDLW�SRVLWLRQ��WKH�ULJKW�PDUJLQ�LV������
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FP��)RU� IRUPDWWLQJ�SXUSRVHV�� WKH�$QQDOHV�PD\�RFFDVLRQDOO\�VOLJKWO\�PRGLI\�WKH�KHLJKW�RI�WKH�SDJH���
� 7KH�GLIIHUHQW�VW\OHV8QOHVV�H[SOLFLWO\�PHQWLRQHG��RQO\�WKH�IRQW�7LPHV�1HZ�5RPDQ�LV�XVHG�IRU�DOO� VW\OHV��:H�GHVFULEH�KHUH�PRVW� RI� WKH� VW\OHV� XVHG� IRU� WKH� SUHVHQWDWLRQ�RI�WKH�DUWLFOHV�SXEOLVKHG�LQ�WKH�$QQDOHV�GH�OD�)RQGDWLRQ�/RXLV�GH�%URJOLH��7KH\�DUH�EDVHG�RQ�D�VW\OH�ZKLFK�LV�SUHGHILQHG�LQ�0LFURVRIW
V�)RUPDW�VW\OH�PHQX��7KH� VW\OHV� XVHG� DUH� JLYHQ� ZLWK WKHLU� UHVSHFWLYH� QDPHV� LQ� WKHVH� LQVWUXF�WLRQV� WR� WKH� DXWKRUV�� )RU� DXWKRUV� XVLQJ� 0LFURVRIW� :RUG�� WKHUH� DUH� WZR�FKRLFHV��HLWKHU�WKH�DXWKRU�FDQ�FXW�DQG�SDVWH�WKH�WH[W�RI�WKH�DUWLFOH�LQWR�RQH�RI�WKH� RWKHU� IRUPDWV�� RU� XVH� WKH� 0LFURVRIW� :RUG� VW\OHV� FRUUHVSRQGLQJ WR� WKH�IRUPDW�RI� WKH�$QQDOHV�GH�OD�)RQGDWLRQ��)RU�WKLV��DV�H[SODLQHG�LQ�WKH�LQVWUXF�WLRQV�WR�DXWKRUV��RQH�VKRXOG�ILUVW�RSHQ�WKH�PHQX�)RUPDW��WKHQ�VW\OH��DQG�WKHQ�VHOHFW�RUJDQLVH� LQ� WKH�ZLQGRZ�DQG�KLJKOLJKW� WKH�VW\OHV� UHFRPPHQGHG� LQ� WKH�LQVWUXFWLRQV� WR� WKH� DXWKRUV�� DQG� ILQDOO\� FRS\� WKHP� WR� 1RUPDO�GRW� �JOREDO�PRGHO��� 7KHQ�� � JR� WR� WKH� WH[W� RI� WKH� DUWLFOH� WR� EH� IRUPDWWHG�� DQG� FRS\� WKH�VW\OHV�1RUPDO�GRW��JOREDO�PRGHO��WR�WKH�QHZ�DUWLFOH�
7KH�WLWOHV�RI�WKH�VHFWLRQ�KHDGLQJV�7KH\�XVH�D�QXPEHUHG�OLVW��7KH�VW\OH�LVEROG��WKH�VL]H�LV����3W��7KH�FRUUHVSRQGLQJ�VW\OH��EDVHG�RQ���7LWOH LV�

��$)/%�6HFWLRQ�KHDGLQJ
7KH�OLQH�VSDFH�LV�VLPSOH��VSDFLQJ�EHIRUH���SW�DQG�DIWHU��SW��
7KH� WLWOHV� RI� WKH� VXEVHFWLRQ� KHDGLQJV� 7KH\� DOVR� XVH� D� QXPEHUHG� OLVW��7KH� VW\OH� LV� LWDOLF�� WKH� VL]H� LV� ���3W��7KH�FRUUHVSRQGLQJ� VW\OH��EDVHG�RQ�����7LWOH��LV�

����$)/%�VXEVHFWLRQ

�)RU�WKH�SDJH�OD\RXW�� LW�PD\�EH�QHFHVVDU\�WR�PRGLI\�WKH�KHLJKW�RI�WKH�WH[W�UHFWDQJOH��)RU� H[DPSOH�� LI� DQ� DUWLFOH� KDV� YHU\� IHZ� OLQHV� RQ� WKH� ODVW� SDJH� ZLWK� D� UHFWDQJOH� RI�KHLJKW�������FP��WKHQ�LQFUHDVLQJ�WKLV�KHLJKW�E\���FP�ZLOO� WUDQVIHU�WKH�ODVW�OLQHV�RQWR�WKH�SUHFHGLQJ�SDJH�



� 3��6FULEH
7KH�VHFWLRQ�DQG�VXEVHFWLRQ�WH[WV��7KH�WH[W�RI�WKH�VHFWLRQV�DQG�VXEVHFWLRQ�LV�RI�VL]H���SW��DQG�WKH�VW\OH�LV�QRUPDO��7KH�FRUUHVSRQGLQJ�VW\OH�LV�

$)/%�WH[W�$
7KH�WLWOH�RI�WKH�DUWLFOH� 7KH�ILUVW�OHWWHU�PXVW�EH�XSSHU�FDVH��DOO�WKH�RWKHUV�LQ� ORZHU� FDVH� H[FHSW� HYHQWXDOO\� WKRVH� UHODWHG� WR� VFLHQWLILF� FXVWRPV�� IRU� LQ�VWDQFH� LQ�D�FKHPLVWU\� IRUPXOD�VXFK�DV�$O�2���7KH� WLWOH�VKRXOG�VWDUW��FP�EH�ORZ�WKH�+HDGLQJ�RI�WKH�ILUVW�SDJH��7KH� IRQW�� 7LPH�1HZ�5RPDQ�� VW\OH� EROG�� VL]H� ��SW�ZLWK� VLPSOH� VSDFLQJ��FHQWUHG�SDUDJUDSK��7KH�FRUUHVSRQGLQJ�VW\OH�LV��

$)/%�7LWOH�$UWLFOH
$XWKRUV� )RQW��7LPH�1HZ�5RPDQ��VL]H���SW��VW\OH�QRUPDO�LQ�VPDOO�XSSHU�FDVH�OHWWHUV��FHQWUHG�SDUDJUDSK��DQG�VLPSOH�VSDFLQJ��7KH�FRUUHVSRQGLQJ�VW\OH�LV�

$)/%�$XWKRUV
7KH� DGGUHVVHV�� )RQW�� 7LPH�1HZ�5RPDQ�� VW\OH� QRUPDO�� VL]H� �SW�� VLPSOH�VSDFLQJ��FHQWUHG�SDUDJUDSK��7KH�FRUUHVSRQGLQJ�VW\OH�LV��

$)/%�DGGUHVVHV
7DEOHV�DQG�)LJXUHV� 7KH�OLQH�VSDFH�EHIRUH�DQG�DIWHU�LV���SW��7KH�IRQW�LV�RI�QRUPDO�VW\OH�DQG�VL]H��SW�7KH�FRUUHVSRQGLQJ�VW\OH�LV�

$)/%�)LJ��7DE�
(TXDWLRQV��1RUPDO�� ��SW�� LQGH[�H[SRQHQW� �SW�� VXEH[SRQHQW� �SW�� V\PERO���� SW�� VXEV\PERO� ��SW�� )RU� HTXDWLRQV�� RSHQ� WKH� PHQX� 6L]H�� WKHQ� 'HILQH��7KHQ�FOLFN��RQ�$SSO\�DQG�2.�
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7DEOH��� 7KH VL]H�RI�WKH�IRQWV�IRU�HTXDWLRQV���0LFURVRIW�FDVH��
6L]H1RUPDO ��SW 2.6XSHUVFULSW�H[SRQHQW �SW &DQFHO6XEVFULSW�H[SRQHQW �SW $SSO\6\PERO ��SW ¦� %�

�S ;NSQN %\�GHIDXOW6XEV\PERO ��SW
7KH�VW\OH�XVHV�D�FHQWUHG�WDEXODWLRQ�IRU�WKH�HTXDWLRQ�LWVHOI��WDEXODWLRQ�ZLWK�DOLJQPHQW�RQ� WKH�ULJKW�IRU� WKH�FODVVLILFDWLRQ�RI� WKH�HTXDWLRQV��DQG�WDEXODWLRQ�ZLWK�DOLJQPHQW�RQ�WKH�OHIW�IRU�D�SRVVLEOH�WH[W�SRUWLRQ��

7KH�FRUUHVSRQGLQJ�VW\OH�LV�� $)/%�HTXDWLRQ�$�
:KHQ� WKH� WH[W� IROORZLQJ� DQ� HTXDWLRQ� LV�DQ� H[SODQDWLRQ� RI� WKH� HTXDWLRQ�� GR�QRW�LQGHQW�WKH�ILUVW�OLQH���,I�LW�LV�D�QHZ�SDUDJUDSK��LQGHQW�
7KH�FRUUHVSRQGLQJ�VW\OH�LV�� $)/%�WH[W�$��
7KH�+HDGLQJV���6L]H��SW��VW\OH�EROG�
)LUVW�SDJH� ,W�VKRXOG�LQFOXGH�WKH�IROORZLQJ�WH[W�

$QQDOHV�GH�OD�)RQGDWLRQ�/RXLV�GH�%URJOLH��9ROXPH�����QR�������� �
7KH�ILUVW�SDJH LV�QXPEHUHG�WKH�VDPH�DV�DOO�WKH�RWKHUV�7KH�OLQH�VSDFLQJ�LV�D�PXOWLSOH�RI�LV������7KH�FRUUHVSRQGLQJ�VW\OH�LV�

$)/%�+HDGLQJ�S�

� ,W�LV�VRPHWLPHV�SRVVLEOH�DQG�WKHQ�SUHIHUDEOH�WR�DYRLG�LQWURGXFLQJ�DQ�HTXDWLRQ�ZLWKLQ�WKH�WH[W��)RU�H[DPSOH��*UHHN�OHWWHUV�FDQ�EH�LQWURGXFHG�XVLQJ�WKH�V\PERO�IRQW���WKH�V\PEROV����R��X��� FDQ�EH�IRXQG�LQ�WKH�IRQW�0DWK�&��HWF«



� 3��6FULEH
(YHQ�SDJHV��7KH\�LQFOXGH�WKH�QDPHV�RI�WKH�DXWKRUV�SUHFHGHG�E\�WKHLU�LQLWLDOV�� DOLJQHG� WR� ULJKW�� DQG� WKH�SDJH�QXPEHU� DOLJQHG� WKH� WR� OHIW� RQ�WKH�OLQH�EHORZ�

� 3��6FULEH
7KH�OLQH�VSDFLQJ�LV�D�PXOWLSOH�RI����7KH�FRUUHVSRQGLQJ�VW\OH�LV�

$)/%�+HDGLQJ�S�
2GG�SDJHV��7KH\�LQFOXGH�WKH�WLWOH�RI�WKH�DUWLFOH��RU�D�UXQQLQJ�KHDG�LI�LW�LV� WRR� ORQJ�� DOLJQHG� WR� WKH� OHIW�� DQG� WKH� SDJH� QXPEHU� DOLJQHG� WR� WKH�ULJKW�RQ�WKH�OLQH�EHORZ����
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7KH�OLQH�VSDFLQJ�LV�D�PXOWLSOH�RI���7KH�FRUUHVSRQGLQJ�VW\OH�LV��$)/%�+HDGLQJ�S�
7KH�UHIHUHQFHV��7KH\�DUH�JURXSHG� WRJHWKHU�DW WKH�HQG�RI�WKH�DUWLFOH��:H�XVH�D�QXPEHUHG� OLVW�ZLWK����FP�QHJDWLYH� LQGHQW��)RU�D� UHIHUHQFH� WR�D�ERRN��XVH�WKH�IRUPDW�RI�UHIHUHQFH�>�@�EHORZ��IRU�DQ�DUWLFOH��H�J��3LHUUH�&XULH
V�DUWL�FOH�RQ�V\PPHWU\�LQ�FU\VWDOV���XVH�WKH�IRUPDW�RI��UHIHUHQFH�>�@�EHORZ��7KH FRUUHVSRQGLQJ�VW\OH�LV��

$)/%�5HIHUHQFHV
)RRWQRWHV�� 7KH\� PXVW� EH� H[FHSWLRQDO� DQG� VKRUW�� ,Q� SDUWLFXODU� WKH� WZR�IRRWQRWHV� FRQWDLQHG� LQ� WKHVH� LQVWUXFWLRQV� WR� DXWKRUV� FRXOG� ZHOO� KDYH� EHHQ�LQFOXGHG�LQ�WKH�PDLQ�WH[W��/RQJ�IRRWQRWHV�DUH�LQ�IDFW�DSSHQGLFHV��DQG�VKRXOG��EH�SODFHG�DW�WKH�HQG�RI�WKH�WH[W�MXVW�EHIRUH�WKH�UHIHUHQFHV�7KH�FRUUHVSRQGLQJ�VW\OH�LV�

$)/%�)RRWQRWHV
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5HIHUHQFHV>�@ De Broglie L., L'électron magnétique (théorie de Dirac), Hermann, Paris 

(1934). This book in particular gives a discussion upon the failure of 
Sommerfeld to interpret the two types of quantum states of doublets. >�@ Curie P., J. de Phys., 3-ième série, 3, 393-415, (1894).
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