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10) Angular momentum and magnetism
04/22/2005

7KH�(LQVWHLQ�GH�+DDV�HIIHFW�������
VKRZV�WKDW�DQJXODU�PRPHQWXP�DQG
PDJQHWLVP�DUH�UHODWHG�

:KHQ�DQ�LQLWLDOO\�XQPDJQHWL]HG LURQ�URG
LV�VXGGHQO\�PDJQHWL]HG�DORQJ�LWV�OHQJWK�
LW�WHQGV�WR�WZLVW�DERXW�WKLV�D[LV�

,I�WKH�FRPSRQHQWV�RI�WKH�DQJXODU�PRPHQWXP DUH�TXDQWL]HG��WKH�
FRPSRQHQWV�RI�WKH�PDJQHWLF�PRPHQW RI�DWRPV�VKRXOG�DOVR�EH�TXDQWL]HG�

7KLV�ZDV�H[SHULPHQWDOO\�VKRZQ�LQ�WKH�6WHUQ�*HUODFK�([SHULPHQW��������
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Force on a magnetic dipole
04/22/2005
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,I�]�FRPSRQHQW�RI�WKH�DQJXODU�PRPHQWXP�LV�TXDQWL]HG�WKHQ
]�FRPSRQHQW�RI�WKH�PDJQHWLF�PRPHQW�LV�TXDQWL]HG
]�FRPSRQHQW�RI�WKH�IRUFH�LQ�DQ�LQKRPRJHQHRXV�PDJQHWLF�ILOHG�LV TXDQWL]HG

2QH�FDQ�GHVFULEH�D�PDJQHWLF�PRPHQW�
E\�WZR�RSSRVLWHO\�FKDUJHG�PDJQHWLF�
PRQRSROHV�� D�GLVWDQFH�G�DSDUW�RQ�
ZKLFK�WKH�PRQRSROH�IRUFH�DFWV�

mF q B=
& &mq±
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The Stern Gerlach experiment 04/22/2005

1HXWUDO�DWRPV�DUH�XVHG�VR�WKDW�IRUFHV�RQ�WKH�FKDUJH�GR�QRW�GRPLQDWH�WKH�PRWLRQ
7KH�RXWJRLQJ�FXUUHQW�LV�PHDVXUHG�GLUHFWO\�E\�GHSRVLWLQJ�LRQV�RQ�D�JODVV�SODWH�RU�

E\�GHWHFWLRQ�RI�WKH�LRQ�IOX[�DW�GLIIHUHQW�[�FRRUGLQDWHV�E\�DQ�LRQL]LQJ�KRW�ZLUH�

[

zz B∂
∂&UHDWLRQ�RI�D�FRQVWDQW

�� ��� ���� ��

�� �	 
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6SOLWWLQJ�RI�WKH�EHDP�VKRZV�WKH
TXDQWL]DWLRQ�RI�WKH�DQJXODU�PRPHQWXP�
7RS�DQG�ERWWRP�LV�QRW�VSOLW�GXH�WR
HQHUJ\�VSUHDG�RI�WKH�EHDP�� � � � �� 
� �
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Angular momentum 04/22/2005
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Angular momentum commutators
04/22/2005
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Simultaneous eigenvalues
04/22/2005

,I�WZR�RSHUDWRUV�GR�QRW�FRPPXWH��WKHUH�FDQ�QRW�EH�D�
FRPSOHWH�VHW�RI�IXQFWLRQV�ZKLFK�VLPXOWDQHRXVO\�DUH�
HLJHQIXQFWLRQV�RI�ERWK�RSHUDWRUV�

∑∑ =Φ−=Φ=Ψ
compl.set

,,
compl.set

,, 0)()()(]̂,̂[]̂,̂[ xbaabCxCBABA babababa

$QG�WKH�RSHUDWRUV�ZRXOG�FRPPXWH�

)()(ˆ,)()(ˆwith)( ,,,,
,all

,, xbxBxaxAxC babababa
ba

baba Φ=ΦΦ=ΦΦ=Ψ ∑
2WKHUZLVH�RQH�FRXOG�H[SDQG�DQ\�ZDYH�IXQFWLRQ�DV

:KHQ�WKH�ZDYH�IXQFWLRQ�LV�LQ�DQ�HLJHQVWDWH�RI�RQH�FRPSRQHQW�RI�WKH�
DQJXODU�PRPHQWXP��WKHQ�WKLV�FRPSRQHQW�LV�TXDQWL]HG�DQG�WKH�RWKHU WZR�
FDQQRW�EH�VSHFLILHG��L�H��WKH\�KDYH�D�VSUHDG�ZKHQ�PHDVXUHG�


