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When a magnetic field is applied, say in the z direction, up and down spin levels do not 

remain degenerate so we add 
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where μB is the Bohr magneton constant
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Stern-Gerlach Experiment 

In the Stern-Gerlach experiment a beam of electrons is injected into an inhomogeneous magnetic 

field, due to spin interaction the beam splits after entering the magnetic field. 

Example: A beam of electrons split by an inhomogeneous   z magnetic field: 
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Pauli Spin Matrices or Rotation 

For magnet ���� in z direction: 

For magnet ���  in y direction: 

For magnet ���! in y direction: 
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Pauli Spin Matrices or Rotation Matrices 

in z direction:  =� )
��̂ ��̂��̂��̂ +1     00   �1. 

in y direction:  =� )
��̂ ��̂��̂��̂ +0    �""    0 . 

in y direction:  =� )
��̂ ��̂��̂��̂ +0   11    0. 
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L  LZ for rotate around z direction 

JTUJ9 = − sin 	 sin � �67*8ℏ    /0$ JTVJ9 = sin 	 cos � �67*8ℏ   /0$ JT8J9 = 0 W�X/@'� 	 "@ X;0@%/0% ℎ�<�.   
 

Y� = M 0 −1 0+1 0 00 0 0N  /0$ Y� = M 0 0 +10 0 0−1 0 0 N  /0$ Y� = M0 0 00 0 −10 +1 0 N 

One of geometrical properties is Y�Y� − Y�Y� = Y�  ≡ =�=� − =�=� = 2"=�
 

For all three Pauli spin matrices eigenvalues are the same as 1 and -1. The eigenvectors are as below: 

=� = +1 00 −1. 1 &10(  /0$ &01(  

 

=� = +0   11   0.  1 &11(  /0$ & 1−1( 

=� = + 0 "−" 0.  1 &1" (  /0$ &"1(
 

    

 


